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ABSTRACT 
Tomato is an important vegetable and contributes to food security, income and improved 
livelihoods to small-landholder farmers across Uganda and in the Kamuli District. Studies to 
establish the current status and prospects of producing, processing, distributing, and maintaining 
quality tomato seed in Uganda are needed to assist small-landholder farmers increase tomato yield. 
Research presented in this dissertation utilized value chain analysis, controlled laboratory 
experiments, surveys, and face-to-face interviews to complete specific objectives.  
The first study mapped out the tomato seed value chain for Uganda, identified key 
participants, their roles, and indicated presence, partial or absence of linkages between value chain 
participants. Key participant roles ranged from regulation and certification by the Ministry of 
Agriculture, Animal Industry and Fisheries (MAAIF), seed breeding and multiplication by National 
Agricultural Research Organization (NARO), seed related research by Makerere University 
(MAK), seed importation and conditioning (private seed companies), seed sales (distributors), and 
seed users (small-landholder farmers). Linkages were found between MAAIF, and private seed 
companies, and distributors and between NARO, and private seed companies. Results from the 
subobjective indicated that during seed conditioning processes by seed companies, germination was 
the overall goal for seed quality and all tomato seeds were imported into Uganda, and Kenya. 
Kenyan-parent companies completed more seed quality tests on imported seed than Ugandan-parent 
companies. Seed companies in Uganda only tested for germination and depended on the seed 
exporting country to conduct any additional seed quality tests. Ugandan-parent companies were 
challenged with inadequate supervision from the seed regulatory body (MAAIF) in addition to 
limited access to the latest seed conditioning and quality testing technology. 
 
x 
The second study evaluated tomato seed management practices among small-landholder 
farmers and in- and out- of school youth (part of youth entrepreneurship program). Results 
indicated that tomato production was dominated by male farmers and within both groups, most 
farmers grew non-hybrid cultivar Rio-Grande and did not save tomato seed because primarily they 
mostly did not know how to save seed. Most tomato growers (83.3% adults and 81% youth) 
received knowledge about seed saving from fellow farmers. Of those tomato growers saving seed, 
most did not track which tomato cultivars they saved. Most farmers (50% adults and 83% youth) 
did not ferment their mixture of pulp and tomato seed after seed extraction. Farmers who conducted 
fermentation completed the process in one day. Farmers dried and stored tomato seed using locally 
available materials without considering the effect of these materials on tomato seed quality. Wood 
ash was the most common seed treatment and farmers who used fungicides did not use protective 
clothing or gear. 
Study three evaluated the quality of tomato seed available in the Kamuli District. Results 
indicated that tomato seed obtained from companies and distributors had the highest germination, 
seedling dry weight, and vigor index II compared to seed obtained from small-landholder farmers. 
Although the seed density (floating or sinking) of tomato seeds did not impact overall germination, 
floated seeds resulted into more dead seed. Overall, floated seeds produced higher seedling dry 
weights and vigor index II compared to seeds that sank, which was unexpected. Within farmer seed, 
seed density (floating and sinking) did not impact seedling vigor implying that these procedures 
might not be valuable to farmers especially after seed has been dried and stored. However, farmers 
could still utilize seed density procedures explained in this study to separate high-quality from low- 
quality seed during the seed extraction process and before storage. 
 
xi 
The fourth study determined effective seed drying materials and environments and storage 
containers for small-landholder farmers in Uganda. Results indicated that drying tomato seed using 
the 19-L high-density polyethylene round pails (bucket dryers) and in the greenhouse, as opposed to 
open sun, resulted in better germination and vigor. Using woven polypropylene bags and newspaper 
to dry tomato seed resulted into more normal seedlings, while a stainless-steel plate negatively 
impacted germination. Storing tomato seed using the 30-micron, non-perforated high-density 
polythene bag and Mylar ziplock bag resulted into the lowest seed moisture content compared to 
the 500-mL recycled soda bottle and white high-density polyethylene container with lid. 
Research from this dissertation provides the following recommendations to improve the 
tomato seed system in Uganda. The goal is to have timely and efficient distribution of high-quality 
tomato seed for tomato farmers, including small-landholder farmers in Uganda. The Ministry of 
Agriculture, Animal Industry and Fisheries of Uganda should implement the national seed policy to 
ensure regulation of the tomato seed industry; NARO should train small-landholder farmers on seed 
multiplication to increase quantities of foundation seed and utilize seed management practices for 
local tomato production and seed companies should enhance seed conditioning to produce high-
quality tomato seed. 
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CHAPTER 1.    GENERAL INTRODUCTION 




This dissertation includes six chapters. Chapter one is a general introduction to the 
research. The second chapter is a manuscript that presents research results on the tomato seed 
value chain and seed conditioning among seed companies in Uganda. The third chapter 
examines the tomato seed management practices among adult and youth small-landholder 
farmers in the Kamuli District of Uganda. Chapter four is a manuscript that evaluates tomato 
seed quality and density appropriate for small-landholder farmers in Kamuli, Uganda, and the 
fifth chapter focuses on evaluating seed drying and storage practices to maintain and improve 
tomato seed quality among small-landholder farmers in Kamuli. Chapter six includes general 










Tomato (Lycopersicon esculentum Mill.) is one of the world’s most important 
vegetable crop and is consumed fresh and or cooked (Guan et al., 2017). Tomatoes belong to 
the Solanaceae family and originated in the Americas. Tomatoes were introduced to the 
continent of Africa in the 16th century and are currently one of the most widely grown 
vegetables by small-landholder farmers (Fufa et al., 2011). Tomatoes are a source of income 
and have numerous health benefits, including providing of vitamins A, C and E and 
antioxidants such as lycopene (Kalibala, 2011). In Uganda, the small-landholder farmers who 
cultivate tomatoes usually own 2ha or less of land (Atuhaire et al., 2016) and produce yields 
that are lower than potential (Ssekyewa, 2006; Ssemwogerere, 2013). Low tomato yields are 
attributed to disease and insect pests, inadequate agricultural inputs, limited access to quality 
seed, lack of improved cultivars, and insufficient information on sustainable horticultural 
practices (Fufa et al., 2011; Mwaule, 1995; Ssekyewa, 2006; Tusiime, 2014). Studies have 
been conducted to address challenges related to disease and insect pests (Akemn et al., 2000; 
Ssekyewa, 2006; Ssemwogerere, 2013) and sustainable horticultural practices (Tusiime, 
2014). However, there is limited information on production and availability of quality tomato 
seeds in Uganda. Studies in this dissertation aimed to establish the current status and prospects 
of producing, distributing and maintaining quality tomato seed in Uganda.  
In Africa, an increase in agricultural productivity has been attributed to improvement 
in seed more than advancement in other cultural practices or inputs (Dusabeyezu and Munishi, 
2014). The use of improved cultivars is dependent on a successful seed system (Erenstein et 
al., 2011). According to Namanda et al., 2011, “Seed systems need to provide farmers with 
planting material (i) in sufficient quantities (ii) at the right time (iii) of an appropriate 
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physiological state, vigor and health, (iv) of superior genotypes appropriate to the farmer’s 
purposes, and (v) at an affordable price. There is also occasional need to disseminate new 
cultivars.” Seed is one of the important inputs in the production of tomatoes, (Muthoni and 
Nyamongo, 2008) and high-quality seeds are essential if farmers are to improve tomato 
productivity (Oladele, 2010) and sustainability. According to Hamukwala et al. (2012), seeds 
carry the genetic potential of plants and are the main determinants of yield while additional 
inputs such as fertilizers and crop protection complement the seed potential. 
Uganda’s seed industry is not fully established and mostly privatized, with two main 
seed supply systems (formal and informal). The formal seed systems emphasize an organized 
large-scale production of seed which involves the use of plant breeding techniques to produce 
(varietally) pure, and certified seed, seed in addition to multiplication, conditioning and 
distribution by seed companies. On the other hand, seed from the informal sector is produced 
by the farmer for their own use (farm-saved seed) or for barter exchange with other farmers, is 
usually not labelled, certified and is difficult to keep as separate cultivars. An organized seed 
production chain does not exist in the informal sector (Minot et al., 2007; Lwakuba, 2012).  
Like Ghana, Tanzania and Rwanda, the seed system in Uganda is mainly informal 
(Namanda et al., 2011). The formal seed supply system contributes only 20% of the seed 
supplied, while the informal seed system contributes 80% (Lwakuba, 2012). Majority of the 
seed producing companies are focusing on seed for staple crops mainly cereals (Lwakuba, 
2012). The seed system lacks an organized seed production system, is highly unregulated, and 
produces poor quality seeds (Lwakuba, 2012).  
A few seed companies in sub-Saharan Africa actively participate in vegetable breeding 
but most companies lack expertise in plant breeding, horticulture, and seed science. To 
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improve the quality of tomato seed in Uganda, researchers have successfully developed 
disease-resistant tomato cultivars to prevent some of the common tomato diseases, including 
bacterial wilt (Kalungi et al., 2011). However, it is still very difficult for these seeds of 
improved cultivars to be accessed by small-land holder farmers due to absence of a 
distribution system (Personal observation in 2013).  
Value chain analysis 
The concept of a value chain was first described by Porter (1985). Several researchers 
have gone on to have various definitions of a value chain. Kaplinsky and Morris (2000) and 
Chagomoka et al. (2014) described a value chain as “a full range of activities required to bring 
a product or service through the different phases of production (including physical 
transformation, the input of various producer services), delivery to final consumers, and final 
disposal after use”. Keyser, 2006, states that a value chain “involves all factors of production  
including land, labor, capital, technology and input as well as all economic activities including 
input supply, production, transformation, handling, transport, marketing, and distribution  
necessary to create, sell and deliver a product to a certain destination.” An agricultural value 
chain also has been described as a “full range of activities that firms and workers perform to 
bring a product from its beginning to end use and beyond (AbdElrazig et al. 2018). Activities 
within a value chain could be conducted by one actor or divided among several actors (Gereffi 
and Kiplinsky, 2011). 
In the horticulture industry, value chains may be created for various fresh fruits and 
vegetables, and also for their seeds. Hamukwala et al. (2010) defines a seed value chain as 
“the entire sequence of actions necessary to create, sell and deliver improved seeds to farmers. 
A seed value chain seeks to provide an opportunity to assess the efficiency of value-added 
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services to increase production, trade and farmer’s incomes. A seed value chain for improved 
cultivars is made up of processes with various activities including seed breeding, and 
production, multiplication, certification, processing and conditioning and marketing 
(Hamukwala et al. 2012). The value chain approach is utilized by various development 
interventions to bridge the gap between value chain actors in the seed industry and engage 
small-landholder farmers in local and international export markets (Chagomoka et al., 2014; 
GTZ 2007). According to Schmitz (2005) value chains are important connectors between all 
actors involved and assist to show who adds value and where along the chain. Value chains 
help to identify absence of links and or weak links between actors which can be improved to 
increase availability of seed to small-landholder farmers. 
Seed quality 
Seed quality is defined as the potential performance of a seed lot. Hasanuzzaman 
(2015) indicated that quality seed is “seed that has a high germination percentage, is disease 
free, varietally pure and has ideal moisture content and weight”. In order to obtain and 
maintain high yields, one needs to begin transplants with good quality seed and avoid poor 
quality seeds because these could result into less vigorous plants and nonuniform 
establishment and maturity (Selvi and Saraswathy, 2018). Seed quality is comprised of several 
components divided into four categories including genetic, physical, physiological and 
pathological quality. Hasanuzzaman (2015) and Pervez et al. (2009) reported examples of 
genetic influence of seed size and physical/environmental factors, such as growing conditions 
during seed development, physical injury during production or storage, cultivar performance, 




According to Arain et al. (1990) good quality seeds are usually well-filled, heavy, and 
have a high density (those that sink), while poor quality seeds are not well-filled, light, and 
have low density (those that float). High-density classes of hydrated tomato seed have 
exhibited faster, and uniform germination compared to low-density seeds (Hill et al., 1989). 
Similarly, positive correlations have been observed between seedling germination, vigor, and 
seed density (Lawan et al., 1985). 
Tomato seed management practices 
Seed management practices in tomatoes range from cultivar selection, tomato fruit 
harvest, and seed extraction, fermentation, drying, and storage. All these practices have an 
effect on tomato seed quality, individually or in combination. 
Cultivar selection 
Tomatoes can be determinate or indeterminate. McCormack (2004) defines 
determinate tomato cultivars as “short vined plants on which fruit develop about the same 
time.” Indeterminate cultivars are able to bear fruit continuously. A range of tomato cultivars 
are grown by small-landholder farmers across different regions in Uganda. Examples of open-
pollinated, nonhybrid cultivars include, but are not limited to, Heinz 1370, Tengeru 97, 
Moneymaker, Roma, Tanya, Marglobe, while hybrids include Nuru F1, and Assila F1 
(Tusiime, 2014; Kalibballa, 2011). Most small-landholder farmers cultivate nonhybrid 
cultivars because the price of seeds is lower than that of hybrids and save seed from their 
tomato planting. In this research, the three tomato cultivars used in controlled laboratory 
experiments included two hybrids (Red Deuce, Tomimaru Muchoo), and one nonhybrid 
cultivar (Rio Grande). 
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Red Deuce is a determinate, early maturing, and high yielding cultivar grown in many 
parts of the world. It produces large to extra-large fruits and has resistance to Fusarium wilt 1, 
and 2, verticiluim wilt, stemphyllium and tobacco mosaic virus (Harris Morgan, 2014). 
Tomimaru Muchoo is a determinate cultivar that produces vigorous plants with broad 
disease resistance. It has resistance to fusarium crown, root rot, fusarium wilt races 1, 2, 
tomato mosaic virus, leaf mold, and intermediate resistance to nematodes, and produces fruits 
that are appealing, and with a medium-firm texture (Akhmedova P.M. 2018). 
Rio Grande is nonhybrid determinate cultivar grown in most parts of the world. It is 
among the most commonly grown cultivars in the Kamuli District of Uganda by small-
landholder farmers and farmers may save seed for future crops. In the United States, it is 
termed a heirloom cultivar. It produces extra-large, pear-shaped fruits that weigh between 100 
to 110g, which are excellent for processing. It has intermediate disease resistance to 
verticilium and fusarium wilt (Victoria Seeds Limited, 2016). 
Seed drying 
 
Seed drying is the process of reducing seed moisture naturally using the sun and wind 
in fields or artificially using a dryer to recommended levels for storage. Optimal seed moisture 
content for storage depends on the species and the intended period of storage. It is therefore 
important to adopt an appropriate drying regime, in which the relative humidity and 
temperature of the drying air are regulated to achieve the target moisture content (Rao et al., 
2015). 
 Tomato seeds contain 60-70% percent moisture at physiological maturity or harvest 
and needs to be reduced to 8-9% for safe storage (Nassari et al., 2014). High seed moisture 
content negatively affects seed quality, consequently reducing germination and vigor (Bass 
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1953; Basra, 1995). Tomato seeds should be dried to attain optimum seed moisture content. 
Both over-drying (below 6% moisture content) and under-drying (above 9%) negatively affect 
seed quality (Justice and Bass 1978; Nassari et al., 2014). Harrington (1960) proposed 
‘Thumb Rules’, which relate seed moisture and temperature to the seed's lifespan.  
Harrington’s rules (1972) rules stated that 1% decrease in moisture content nearly doubles 
storage life of a seed and a 5 °C decrease in temperature doubles the storage life. 
Tomato seeds can be dried using several methods which can be used singly or in 
combination. These include sun drying, unheated, heated, and dehumidified air-drying, drying 
with desiccants, and bucket (pail) dryers (Justice and Bass 1978). The choice of drying 
method depends on available resources but generally methods that are low cost are 
implemented by farmers. 
Seed storage 
 
After drying, tomato seeds are and later germinated stored to provide transplants in 
planting material for subsequent planting seasons. Seed storage greatly affects seed quality. 
Before seed is stored, it should be dried and kept dry during storage. The seed storage 
environment needs to be monitored for relative humidity, and temperature as these two impact 
seed longevity (Justice and Bass 1978). Small-landholder farmers use different types of 
structures to store seeds. These include, but are not limited to as polythene bags, glass 
containers, plastic containers, plastic soda bottles, and plastic jars (Bewley and Black, 1994; 
Personal observation, 2015). Storage facilities and or containers are expected to meet certain 
basic features which include being water proof, maximum protection from contamination, 
protection from rodents and insects, protection from fungi, and fire proof (Barre, 1954; 
Wheeler and Hill, 1957). Prolonged storage of seed leads to decline in seed quality due to 
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slow respiration, which depletes food reserves that are needed for germination. Keeping seeds 
in air tight containers that keep out oxygen avoids excessive respiration (Hong and Ellis, 
1996). 
Rationale 
Tomato is the most important vegetable crop in Uganda (Atuhaire et al., 2016).  
In developing countries, 90% of small-land holder farmers are responsible for production, 
selection, and storage of their own seed, while this is negligible in developed countries (Ferris 
and Laker-Ojok, 2006; Food and Agricultural Organization, 2006; George, 2013). Peri-urban 
and urban tomato growers in Uganda use imported packaged seeds from Kenya, Tanzania, 
Denmark, India, China, and Netherlands (formal system). Rural small-land holder farmers 
collect seeds from mature fruits (informal system) or use both sources (Fufa et al., 2011; 
Sebuliba, 2010; Tumwine et al., 2002). On-farm seed production has challenges because such 
seed usually is not labeled, certified, clean, or free from pests (Minot et al., 2007), and it is 
common that farmers do not know the seed’s cultivar name (Tripp, 2000). 
Existing and well enforced seed policies and regulation are very crucial and important 
for a country’s seed industry to develop. A study conducted by the African Seed Access Index 
(TASAI, 2015) rated Uganda’s seed policy at 47% (poor), because Uganda lacked a final seed 
policy document that guides the development of its seed sector. The draft document did not 
indicate how/what steps will be taken for the policy goals and objectives to be achieved. 
Currently, there is a national seed policy document, with an overall goal of “availing 
adequate, high quality, and safe seed to improve agricultural productivity and objectives to; 
guide production, processing and distribution of high quality seed in addition to guiding the 
transformation of the informal seed sector into a formal seed sector” (SEATINI-Uganda, 
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2014). While guiding legislation for the seed industry in Uganda has progressed it included 
imperfect and incomplete acts, bills and draft policies (ACODE, 2008). In 2018, MAAIF 
provided the current policy document (MAAIF, 2018). 
Uganda has an opportunity to adopt and refine other African countries’ seed policies, 
including Kenya, Tanzania and Ghana. Their active seed policies, presence of qualified plant 
breeders and seed inspection, and presence and use of elaborate seed certification standards 
and partnerships with financial institutions have improved their seed sectors (ASARECA, 
2014; AFSTA, 2010). In 1999, the East African Seed Committee (EASCOM) was formed 
between Uganda, Kenya, Tanzania and Rwanda with an aim of developing harmonized 
certification and laboratory standards for the major cash and cereal crops (beans, soybean, 
maize, sorghum, wheat etc), however, no nutrient-dense vegetable seeds e.g. tomato were 
included (AFSTA, 2010). 
Objectives 
Studies have been conducted on tomato value chain for fresh fruit (Issahaku, 2012; 
Ssejjemba, 2008), no study has focused on the tomato seed system in Uganda. The seed sector 
has not been included in the analyzed tomato value chain. Studies in this dissertation seek to 
address this lack of knowledge.  
The overall goal of this study is to improve the tomato seed system, through 
establishing the current status and prospects of tomato seed production and distribution in 
Uganda. Specific subobjectives are to: 
1. Determine the tomato seed system key participants, their roles, and map the current 
tomato seed value chain, and evaluate tomato seed conditioning processes among seed 
companies in Uganda. 
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2. Determine the tomato seed management practices among adult and youth small-land 
holder farmers in Kamuli, Uganda. 
3. Evaluate seed quality and density of tomato seeds produced by companies, 
distributors and small-landholder farmers in Uganda. 
4. Evaluate practices that improve tomato seed quality among small-landholder 
farmers in Kamuli, Uganda. 
Significance 
Results of the study will contribute to improvement in production and distribution of 
high-quality tomato seeds in Uganda. The study will provide information on the quality of 
tomato seeds available in the market in Uganda, thus enabling small-landholder farmers to 
make informed decisions on the choice of cultivars and seed source. The study also will 
develop practices for the improvement of tomato seed quality that small-landholder farmers 
in Uganda can adopt and provide seed policy recommendations to the government of Uganda 
through the Ministry of Agriculture and research organizations. 
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Abstract 
 Tomatoes are a source of food security and income among small-landholder farmers in 
Uganda. High quality seed is essential for farmers to successfully produce tomatoes. Small-
landholder farmers find it difficult to access improved and good quality tomato seeds due to 
inefficient seed distribution systems, technical constraints in seed production, 
processing/conditioning by seed companies, inadequate networks and communication among 
seed industry key participants, and partial regulation of the seed industry. Key challenges to 
regulation include limited supply of persons to conduct seed inspections, high volumes of 
imported tomato seed with few border point inspections, and presence of poor quality and 
counterfeit seed. A large share of seed on the market (30-40%) is a combination of seed that is 
not true-to-type within a cultivar or a mixture of different crop seeds) on the market. The 
objective of this study was to analyze the tomato seed system by determining its key 
participants and their roles and challenges, and to develop and map the current tomato seed 
value chain for Uganda. A subobjective was to study seed companies as one of the key 
participants of the tomato seed industry to understand the current tomato seed production and 
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conditioning processes and procedures for establishing seed quality in Uganda. Surveys, face-
to-face interviews, and observations were conducted on the key participants who play a major 
role in the tomato seed industry in Uganda.  
Results about the first objective indicated that the key participants and their roles in 
the tomato seed industry included the Ministry of Agriculture, Animal Industry and Fisheries 
(MAAIF) for regulation and certification; National Agricultural Research Organization 
(NARO) for breeding and multiplication; Makerere University (MAK) for seed related 
research; private seed companies for importation and conditioning; seed distributors for seed 
sales (wholesale and retail); and small-landholder farmers as end users of seed. A tomato seed 
value chain map was developed and indicated that linkages existed between NARO and 
private seed companies, and between MAAIF and private seed companies and distributors. 
Partial linkages were found between distributors and small-landholder farmers, and no 
linkages existed between MAK and seed distributors and between NARO, MAK, MAAIF and 
Kamuli small-landholder farmers. Results from the subobjective indicated that all six 
companies stated germination was the primary goal for quality. Other seed quality attributes 
were not considered as goals by all companies. All tomato seeds were imported in Uganda 
and some seed was conditioned by the seed company; three of six companies monitored 
temperature and one of these monitored relative humidity (RH) during bulk storage. Ugandan-
parent companies tested only for germination and depended on exporting countries to conduct 
additional seed quality tests. Kenyan-parent companies completed more seed quality tests, 
including purity, moisture content, and vigor. Challenges for seed companies included a need 
for more regulation from MAAIF and limited access to the latest seed conditioning and 
quality testing technology for Ugandan-parent companies. 
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Introduction 
Uganda is located in East Africa and agriculture is the foundation of Uganda’s 
economy. About 65% of the population depends on the agriculture sector and derive their 
livelihoods from subsistence farming. Agriculture contributes about 46% of the total export 
earnings and a large share of raw materials for its industry (Ministry of Agriculture, Animal 
Industry and Fisheries, 2018). Before 1968, Uganda’s seed industry primarily was informal 
and crop cultivars were exchanged through a farmer-to-farmer system. By 1995, the 
government had monopolized the seed industry through a program called the Uganda Seed 
Project, which handled the production, processing, and marketing of seed. However, all of 
these seed processes became too much for the Uganda Seed Project to handle over time and it 
was transformed into a public liability company- Uganda Seed Ltd., which was later 
distributed to a private seed company. The exit of the government from seed production and 
distribution encouraged private entrepreneurs to establish additional seed companies. 
Currently there are more than 26 locally registered companies involved in production, 
processing, and marketing of seed (Larson and Mbowa, 2004; Mastenbroek and Ntare, 2016). 
“A seed system is the economic and social mechanism by which farmers’ demand for 
seeds and the various traits they provide are met by various possible sources of supply” 
(Kansiime, 2014). Seed systems can be interrelated institutions that develop new cultivars, 
and produce, test, certify, and market seed. Formal and informal seed systems support and 
supply the agriculture sector with seed inputs. In the formal seed sector, seed quality is 
assured through seed conditioning processes (cleaning, sorting, grading, application of seed 
treatments, pelleting and packaging) and quality testing (germination and vigor), while within 
the informal seed sector little to no improved value is added to the seed due to limited seed 
quality assurance. In Uganda, the informal sector supplies the majority of seeds compared to 
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the formal sector (Lwakuba, 2012). Although much focus is placed on seeds of staple crops, 
mainly cereals, vegetable crops, including tomatoes, have received very limited focus to date, 
despite the fact that tomatoes are the most widely grown and consumed vegetable in Uganda 
and grown by using seeds.  
Tomatoes are high value crops that improve income and food security among small-
landholder farmers in Uganda (Ssebuliba, 2010). High quality seed is essential for farmers to 
successfully produce tomatoes, and their food security depends on the seed security of a 
farming community (CEAPRED, 2014; Gauchan et al., 2014; Ssebuliba, 2010). A secure seed 
system ensures that high quality seed is produced, available, and affordable to the end users 
(Sperling and Cooper, 2003). Uganda’s formal seed system of commercialized seed 
companies and distributors produces 20% of the seed, while the informal seed system of 
farmers who save seed contributes 80% (Lwakuba, 2012). Both seed systems are essential, but 
there is need for improved efficiency in both of these seed systems to benefit end-users and to 
result in increased tomato production. Currently, it is difficult for small-landholder farmers to 
access improved and good quality tomato seeds due to various challenges, including but not 
limited to inefficient seed distribution systems, technical constraints in seed production and 
processing/conditioning by seed companies, inadequate networks and communication among 
seed industry participants, partial regulation of the seed industry due to limited manpower to 
conduct seed inspections, high volumes of imported tomato seed with few border point 
inspections, and presence of poor quality and counterfeit seed. A large share of seed on the 
market (30-40%) is a combination of seed that is not true-to-type within a cultivar or is a 
mixture of different crop seeds.  
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Some of the above challenges have been identified in the current national seed policy 
document (MAAIF, 2018; Ssebuliba, 2010).  
Value chains allow a product to move from one chain actor to another while gaining 
value. Such chains have been used in the past to target interventions and improve production 
of fresh tomato fruit (Hellin and Meijer, 2006; Ssejjemba, 2008). However, no studies have 
focused on the tomato seed system and its contribution to value in tomato production in 
Uganda. The seed sector has not been featured in the analyzed tomato value chain. This study 
aims to analyze the tomato seed system by determining its key participants and their roles and 
challenges and developing and mapping the current tomato seed value chain for Uganda. The 
evidence suggests interventions at improving the supply of quality tomato seed. Seed 
companies as one of the key participants of the tomato seed industry also are featured to 
understand the current tomato seed production and conditioning processes and procedures for 
establishing seed quality in Uganda. Improving local seed production and conditioning 
empowers and assists small-landholder farmers’ access to better quality seeds. 
Value chains 
A seed value chain involves activities from the use of plant genetic resources to the 
marketing or distribution of seed of a particular cultivar and a certain type of quality to the 
end-user. In Uganda many end-users are small-landholder farmers. Seed value chain analysis 
identifies operators, service providers and their activities in the seed chain, and the enabling 
environment. Operators in seed value chains contribute value through cultivar development, 
seed production, seed multiplication, and marketing/distribution among other activities. 
Others that provide services within seed value chains offer rural seed extension, cultivar 
testing and release, quality assurance during seed production, financial services and 
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management, and promotion of marketing information. An enabling environment guides 
linkages among operators and between service providers and operators (Audet-Bélanger et al., 
2013). 
Methodology 
Surveys were utilized to obtain data from tomato seed system key participants in 
Uganda. A detailed description of the survey methods is presented below. 
Study area: In August 2015, a survey was conducted on the key participants who play 
a major role in the tomato seed industry in Uganda. Key participants included seed 
companies, federal Ministry of Agriculture, Animal Industry and Fisheries (MAAIF), 
Uganda’s National Agriculture Research Organization (NARO), Makerere University (MAK), 
seed distributors, and small-landholder farmers. In Uganda, seed companies and MAK are 
located in Kampala (0021′15"N 32034′58"E), NARO and MAAIF in Wakiso District 
(0005′52"N 32026′53"E) while small-landholder farmers live in the Kamuli District 
(0056'44"N 33007'40"E) of Uganda. 
 Sample size: The sample size for the study included a total of 346 small-landholder 
farmers, six tomato seed companies and one official from each of MAAIF, NARO and 
MAK. Surveys were conducted with vegetable seed managers in each of the six seed 
companies and the commissioner for crop inspection and certification (MAAIF), senior 
research officer for horticulture and oil palm program (NARO) and a faculty member of 
horticultural sciences (Makerere University). All participants were purposefully selected 
because of their involvement in the tomato seed sector. 
 Survey instrument: Research approval was obtained from Iowa State University’s 
Institutional Review Board (IRB ID: 15-374) and the Uganda National Council of Science 
and Technology (UNCST: A 501). The survey tool comprised of open-ended and multiple-
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choice questions and was reviewed by Iowa State University faculty. A total of 10, 9, 9, 12 
and 1 questions were asked of a MAAIF, NARO, MAK, seed company official and small-
landholder farmers (supplemental table 1). Questions were structured to determine roles, 
activities, contributions, and challenges among the various participants in the tomato seed 
industry. Data were collected between 2 August and 5 August 2015 for all participants. 
Face-to-face interviews between researcher and respondents were utilized during data 
collection. Surveys for MAAIF, NARO, MAK and seed company officials were completed 
in English, while small-landholder surveys were translated into and asked in Lusoga (the 
native language in Kamuli) by the first author. Research assistants who assisted with farmer 
surveys were fluent in both English and Lusoga. 
 Data analysis: The tomato seed value chain was analyzed and mapped using the 
Value Chain Analysis (VCA) (Hellin and Meijer, 2006) and used to target interventions at 
improving the distribution of seeds. Interviews were summarized and written combined with 
participant observation data and secondary data which was obtained from the literature. Data 
analysis used Microsoft  Excel® (MS-Excel) spreadsheets. 
After conducting a tomato seed value chain analysis, we concentrated on select key 
participants (seed companies) to understand their activities and how these affect seed quality 
and the seed industry. Representatives from individual tomato seed companies were 
interviewed with an aim to establish their current tomato seed conditioning processes and 
procedures for ensuring good quality seed production.  
 Seed companies: Interviews with representatives were conducted in June and July 
2016. A total of six companies (three in Uganda, and three in Kenya) were involved in this 
study.  
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Kenya was included in this research because it is a primary source of seed for Uganda and 
Kenyan seed companies had their main tomato production and conditioning locations in 
Kenya. 
 Survey instrument: In addition to research approvals from Iowa State University 
(IRB ID:15-374) and Uganda (UNCST: A 501), approval was obtained from the National 
Commission for Service, Technology and Innovation (NACOSTI/P/16/96774/12104) in 
Kenya for surveys of three parent-seed companies with offices in Uganda and Kenya. Face-
to-face interviews between the researcher and respondents were utilized in answering six 
open- and closed- ended questions during the study. Questions were asked about seed 
production and conditioning processes, quality assurance for each process, and challenges 
encountered during these activities. Interviews were conducted in English because the 
researcher and all respondents spoke English fluently. Observations of seed warehouses and 
seed conditioning equipment within some seed companies were conducted. 
 Data analysis: Both qualitative and quantitative research methods were utilized to 
obtain information on seed conditioning processes used by seed companies. Data were 
entered into Microsoft  Excel ® and transferred to SPSS (release 11.0, SPSS Inc., Chicago, 
IL, USA) for descriptive analysis. 
Results and Discussion 
Overview of Uganda’s tomato seed industry 
Results indicated that Uganda’s tomato seed industry was made up of key participants 
including public institutions and the private sector. Public institutions included MAAIF, 
NARO, and MAK, while the private sector was comprised of commercial seed companies, 
distributors, agricultural dealers (agro-dealers) and small-landholder farmers (Table 1). Each 
of the sectors played a vital role and was involved in various activities within the tomato seed 
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industry in Uganda. Table 2 showed the roles of each institution and challenges faced during 
the implementation of activities. Table 3 provides and describes linkages between key 
participants in the tomato seed value chain, as constructed from the survey responses. 
Uganda’s tomato seed industry was comprised of formal and informal seed systems. Public 
and private agencies within both seed systems make up the tomato seed value chain (Figure 
1). The value chain map indicates the flow of raw materials/inputs (seed) from production to 
consumption (end-user) and reflects the value added at each point in the chain. Linkages 
indicated relationships between value chain participants. Facilitating these linkages can 
strengthen seed systems. Linkages between value chain participants were either present 
(mutual contribution/relationship between value chain participants), absent (no contribution/ 
relationship between value chain participants) or partial (one sided contribution/relationship 
between value chain participants). 
The role of public institutions and the private sector and their challenges faced are 
described below. 
Public institutions  
The role of MAAIF was to regulate Uganda’s seed industry through its Department of 
Crop Inspection and Certification. Policy formulation and regulation is another role MAAIF 
performed and in October 2018, MAAIF released the finalized national seed policy document 
(MAAIF, 2018). MAAIF inspects seed companies and their propagators (plant growers who 
produce seed) to enhance seed quality in addition to issuing import- and export- permits. 
Through its national seed testing laboratory in Kawanda, MAAIF conducts seed testing and 
certification. A MAAIF representative stated that high volumes of informal seed (farmer-
saved seed) on the market, with few seed inspectors, made regulation difficult (Table 2). The 
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national seed policy developed by MAAIF (2018), indicated that small-landholder farmers’ 
reliance on home-saved seed is caused by insufficient availability of affordable high-quality 
seed and lack of trust in the certified seed available on the market. 
NARO’s role was identified to oversee agriculture and seed related research activities 
within Uganda. NARO’s activities included tomato breeding, seed multiplication to obtain 
foundation seed (seed grown for genetic purity and identity), screening new tomato cultivars 
for yield and disease resistance attributes, and releasing cultivars to small-landholder farmers. 
NARO provided agricultural outreach services to farmers involved in on-farm field trials to 
test new tomato cultivars, but was challenged with inadequate skilled farmers to conduct seed 
multiplication (breeder seed to obtain foundation seed) and limited platforms and policies to 
unite seed value chain participants for a common goal (Table 2). A study by Mastenbroek and 
Ntare (2016) reported that NARO, as an agriculture research institution, is challenged with 
limited funds for cultivar development and promotion, maintenance, and irrigation for 
continuous production of breeder seed (seed controlled by the original plant breeding of 
NARO) to meet the increasing demand for foundation seed.  
MAK’s role through its College of Agricultural and Environmental Sciences, 
Department of Agricultural Production was to conduct seed-related research and training and 
outreach on seed-related practices. MAK also conducted seed multiplication of improved 
tomato cultivars, such as a recent selection MT 56, and tried to make the seeds available to 
small-landholder growers in some regions of Uganda, either directly or through 
advertisements at national agricultural exhibition shows (Table 2). In other developing 
countries like India, public universities have been among the vegetable seed value chain 
participants involved in developing new cultivars (Kumar et al., 2012). MAK has faced 
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challenges during implementation of the above activities due to high demand for more 
improved tomato cultivars and inadequate support for continued research and release of these 
improved cultivars (Table 2). Magar and Gauchan (2016) agree with our findings and indicate 
that in Nepal, the demand for improved tomato cultivars increased gradually because farmers 
were concerned about poor-quality seed of locally grown tomato cultivars existing in the 
market. 
Private sector 
Our results indicated that commercial seed companies provided the majority of tomato 
seed in the Ugandan market through importation from various countries, including Kenya, 
Tanzania, South Africa, Denmark, The Netherlands, United Kingdom, Israel, Italy, France, 
USA, Chile, Japan, Philippines, China, and India. A previous baseline survey indicated that 
between 2004 and 2009, a total of 52,789 kg of tomato seeds were imported into Uganda 
(Ssebuliba, 2010). Ugandan seed companies were responsible for on-farm trials, seed-related 
research, seed multiplication and conditioning, quality assurance, repackaging, storage, and 
distribution/marketing. Challenges encountered by seed companies included poor 
infrastructure (roads), which made accessibility to rural areas to conduct seed distribution 
difficult; inadequate markets and insufficient demand for seeds; too few and untrained seed 
distributors; and insufficient government inspections to reduce counterfeit seeds on the 
market. Some distributors/agro-dealers removed seeds from original containers which 
exposed seeds to unfavorable conditions and reduced seed quality (Table 2). Mastenbroek and 
Ntare (2016) reported that seed companies in Uganda are often challenged with inadequate 
skilled labor, especially breeders, seed technologists, and horticulturalists and unenforceable 
contracts with various small-landholder farmers who serve as propagators with scattered small 
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pieces of land. A combination of these factors prevents seed companies from performing 
effectively. Ssebuliba (2010) and Uganda’s national seed policy (MAAIF, 2018) also 
identified poor infrastructure, such as roads and limited transportation facilities, as hurdles 
affecting proper seed marketing and distribution of tomato seed. 
 Distributors/agro-dealers were involved in retail and wholesale marketing of tomato 
seed. They existed as individual entities or as part of seed companies. One of the challenges 
encountered by agro-dealers was the low volume of seed traded leading to low profit margins 
due to the small scale of operation (Table 2).  
Small-landholder farmers are the end-users (consumers) of tomato seed and also 
participated in conducting on-farm trials for seed companies and NARO. These farmers 
mentioned that one of the challenges they faced was inadequate technical assistance for 
cultivar evaluation (Table 2). Sometimes other farmers were challenged with limited access to 
vital information and knowledge about where to access good quality seed. Uganda’s recently 
released national seed policy by MAAIF (2018) agreed with our findings and also indicated 
that weak linkages exist between research and outreach (Extension) which can potentially 
hinder farmers from benefiting from extension assistance and good quality seed. Small-
landholder farmers in the Kamuli District obtained tomato seed from various sources 
including purchasing from a local rural trading center or village (23.18%), Kamuli town seed 
sellers (63.18%), and seed distributors in Kampala (0.90%), other towns (0.90%), or more 
than one seed source (11.81%) (Table 3). 
Seed value chain map and linkages between participants  
Our results indicate the various functions of the tomato seed value chain which are 
described within the formal and informal seed sectors below. 
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Input (seed) supply: Within the formal seed sector, tomato seed was imported by 
private seed companies from various countries all over the world. NARO introduced seeds 
into the value chain by breeding and multiplying breeder seed to obtain foundation seed (Fig. 
1). A linkage existed between NARO and some private seed companies (Table 4). Seed 
companies contacted NARO for assistance to screen certain cultivars for quality attributes, 
such as yield and disease resistance. Within the informal seed sector, small-landholder 
farmers obtained seed by saving seed from tomato fruits acquired or purchased from local 
farmers or fruits grown personally from purchased seed of agro-dealers (distributors), or by 
directly purchasing seed from seed companies. 
Seed quality regulation and certification: MAAIF through its National Seed 
Certification Service regulated and certified seed quality. Seed certification was performed 
before and after seed importation through seed quality testing (Fig. 1). Some seed companies 
conducted independent seed quality tests for germination and vigor. Testing assisted to add 
value to the seeds by improving seed quality, which could potentially result in higher prices 
for seeds. Although linkages such as market seed surveillance and regulation existed between 
seed companies and MAAIF (Table 4), seed companies were challenged by having inadequate 
inspection and supervision of their facilities by MAAIF and the difficulty in assuring seed 
quality in the market without it. Additionally, MAAIF officials encountered challenges 
associated with having a limited number of seed inspectors in addition to limited funds to 
support its activities. A study by Daly et al. (2016) concurred with our findings and reported 
that MAAIF was not able to effectively regulate seed companies. The result was the sale of 
counterfeit seed on the market. The recently released national seed policy by MAAIF (2018) 
emphasized that inadequate human and financial capacity has hampered the ability of MAAIF 
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to sufficiently monitor field seed production and conditioning for quality control, which has 
reduced competitiveness in local, regional, and international seed markets. Within the 
informal seed sector, small-landholder, farmer-saved seed was highly unregulated, leading to 
the presence of counterfeit and low-quality seeds on their local market. No value was added to 
farmer-saved seed because it was not regulated, low in quality, and would result in low prices 
if sold. 
Seed production, conditioning and research: Although seed companies with parent 
facilities in Kenya conducted their own seed production and importation, all companies in 
Uganda and Kenya handled their own seed conditioning (cleaning, repackaging, and storage). 
The processes involved in seed conditioning added value to seed by improving its quality. 
NARO and MAK primarily were involved in research (Fig. 1). A linkage between NARO and 
some seed companies existed; one seed company mentioned that they partner with NARO to 
conduct seed trials during cultivar evaluations. No linkage existed between MAK and seed 
companies (Table 4), which would be an asset because seed companies would benefit from 
the research conducted by MAK. 
Seed distribution (wholesale and retail): Tomato seeds were distributed by either 
private agro-dealers or distribution departments within seed companies (Fig. 1). A linkage 
existed between MAAIF and distributors because MAAIF as a regulatory body was 
responsible for licensing seed distributors, enabling them to operate. No linkage existed 
between MAK and distributors (Table 4), but distributors could improve their seed practices 
and marketing strategies with applied research by MAK. 
Seed end user: As end-users of seed, small-landholder farmers were linked to other 
value chain participants and were affected by the activities of each participant (Fig.1). 
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Although NARO, MAK and MAAIF officials mentioned that they assisted small-landholder 
farmers with seed-related Extension and outreach services and farmers provided feedback 
about seed quality, Kamuli District farmers did not agree with those statements saying that 
they rarely interacted with officials from NARO, MAAIF and MAK. Perhaps NARO, MAK 
and MAAIF’s work had not involved all districts within Uganda including Kamuli. As such, 
an information gap existed between NARO, MAAIF and MAK and small-landholder farmers 
and they could have negative implications for distributing quality seed, transferring seed-
related knowledge, and input to policy makers and researchers about farmers’ needs. Farmers 
also purchased seeds from MAK, NARO, and seed companies and acted as seed propagators. 
Maintaining seed quality 
Within the seed value chain, seed companies played a vital role in seed conditioning 
processes because companies were the main providers of tomato seed within the formal seed 
sector in Uganda. Seven seed companies were involved in tomato seed industry in Uganda; 
six of the seven are presented in this study. Although all six companies were functional within 
Uganda, three of six had parent companies based in Kenya and exported tomato seed to 
Uganda. Companies’ seed quality goals, seed conditioning processes, and challenges 
encountered during conditioning are presented in Table 5. 
Seed quality goals: All six seed companies (100%) considered seed germination as 
the primary goal for seed quality. Eighty-three percent of company respondents considered 
additional seed quality attributes, such as genetic identity, and freedom from noxious weed 
seeds, diseases, insects, soil, debris, and chaff. Four of six seed companies (66.7%) reported 
that seed moisture content was an important consideration for seed quality; three of four were 
based in Kenya. Only one Ugandan based seed company considered seed moisture content as 
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important, yet seed moisture content is one of the most significant factors negatively affecting 
tomato seed quality. High seed moisture content encourages fungal growth and insect activity 
both of which are detrimental and can destroy the embryo of the seed and reduce germination 
and vigor (Yanping et al. 2000). ‘Harrington rules’ state that a 1% decrease in the moisture 
content doubles the life of a seed (Harrington, 1960). Fifty percent of seed companies 
considered purity and freedom from mechanical damage as important. One company (16.7%) 
based in Kenya reported embryo condition and seed color as qualities they consider important 
while conducting seed conditioning (Table 5). Generally, seed companies based in Kenya 
considered more seed quality attributes as goals while conducting seed conditioning compared 
to Ugandan seed companies. 
Seed conditioning processes: Seed conditioning included all the practices of 
processing seeds. All companies (100%) imported tomato seed and one of them based in 
Kenya completed its own seed production. Seed was bulk-stored after companies received it. 
During bulk storage, three out of six companies (50%) controlled temperature at 20-40°C, 
18°C and 25-30°C respectively, and only one of these three companies controlled relative 
humidity at 74%. Storage temperatures used by seed companies were higher than the 
recommended tomato seed storage temperatures (8-15°C) and relative humidity (30-50%) and 
this compromises seed quality (Harrington, 1960). High temperature during seed storage 
reduces seed longevity because it increases the seed respiration rate and metabolic, 
biochemical, and physiological processes, which leads to seed deterioration; deteriorated 
seeds produce weak seedlings during germination (Kapoor et al., 2010; Elias and Copeland, 
1994). A 5°C increase in temperature reduces the life of a seed by 50% (Miller and Lawrence, 
1998). Three of six seed companies lacked cold rooms and storage equipment, and this could 
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be detrimental to seed quality, especially if seed is stored for a long period of time. Cold 
rooms would facilitate lower seed storage temperatures (<5°C), slow down metabolic 
processes, and reduce seed deterioration thereby increasing seed longevity (Elias and 
Copeland, 1994; Nassari, 2014).  
Seed sampling and germination tests were conducted by individual seed companies and the 
MAAIF national seed testing laboratory for companies based in Uganda, and the Kenya Plant 
Health Inspectorate Services (KEPHIS) for companies based in Kenya. Ugandan based 
companies tested only for germination while Kenyan based companies conducted more tests 
including purity, seed moisture content, and vigor. Within Kenya, test results by individual 
seed companies and KEPHIS were compared and if no discrepancies occurred, seed was 
packaged for sale. Some seed company officials in Uganda mentioned that they depended on 
the seed-exporting countries to conduct additional seed quality tests (purity, genetic purity, 
and seed moisture content) before seed was exported to Uganda. This implied that seed 
companies were not completely certain of the quality of seed imported into Uganda depending 
on the country of origin. Ugandan-based companies (33%) lacked adequate seed conditioning 
equipment (Table 5) and were not able to conduct independent seed quality tests. 
The Kenyan company that conducted its own seed production also conditioned the seed by 
drying, cleaning, separating and upgrading, adding any seed treatments, packaging, and 
storage. Seed quality during these processes was ensured by adhering to quality standards 
enforced by the company’s seed quality laboratory as well as KEPHIS. 
Challenges faced by seed companies during seed conditioning: The most common 
challenges faced by 50% of seed companies were inadequate supervision, inspection of seed 
conditioning facilities by MAAIF’s Department of Crop Inspection and Certification, and 
 35 
limited access to the latest seed conditioning and quality testing technology. When asked, a 
MAAIF representative stated that they lacked financial assistance and had few skilled 
personnel to conduct inspections and supervise seed companies. Additional challenges 
mentioned by two of six seed companies were inadequate seed conditioning equipment and 
inadequate skilled personnel to conduct seed conditioning processes (Table 5). The above 
challenges led to difficulties in regulating seed companies and compromised tomato seed 
quality. 
Summary and Conclusions 
The identified key participants and their major roles in the tomato seed industry 
included MAAIF for regulation and certification; NARO for breeding and multiplication; 
MAK for seed related research; private seed companies for importation and conditioning; seed 
distributors for seed sales (wholesale and retail); and small-landholder farmers as end-users of 
seed. Linkages existed between NARO and private seed companies and between MAAIF and 
private seed companies and distributors. Partial linkages were found between distributors and 
small-landholder farmers, and no linkages existed between MAK and seed distributors and 
between NARO, MAK, MAAIF and Kamuli small-landholder farmers. 
All six companies interviewed said germination was the primary goal for quality. 
Other seed quality attributes were not considered as goals by all companies. All tomato seeds 
were imported in Uganda and some seed was conditioned by the seed company; three of six 
companies monitored temperature and one of these monitored relative humidity during bulk 
storage. Ugandan-parent companies tested only for germination and depended on exporting 
countries to conduct additional seed quality tests. Kenyan-parent companies completed more 
seed quality tests, including purity, moisture content, and vigor.  
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Challenges for seed companies included inadequate supervision and regulation from MAAIF 
and limited access to the latest seed conditioning and quality testing technology for Ugandan-
parent companies. 
With the finalized national seed policy document (MAAIF, 2018), the evidence 
collected in our surveys indicates that MAAIF should focus on implementation and regulation 
of seed companies and distributors. As an agriculture extension agency, NARO should train 
small-landholder farmers to utilize local seed management practices for tomato production, 
consider advantages of using professionally produced seed and, if income is limited, consider 
making use of proper seed-saving techniques. NARO should be financially facilitated to train 
more farmers on seed multiplication so as to increase quantities of foundation seed. 
Private seed companies need to invest in seed conditioning equipment and train seed 
technologists to conduct independent seed quality tests after seed importation and reject any 
poor-quality seed, and to monitor temperature and relative humidity conditions during bulk 
storage. This is the first study to provide information on the tomato seed value chain for 
Uganda. The parent- Ugandan seed companies should explore if any competitive advantages 
could exist if they grew and produced seed in Uganda instead of relying on seed produced in 
Kenya and elsewhere. Results could be refined as a model for additional vegetable species and 
also used to inform the current national seed policy.  
Future research could focus on how to address barriers that exist between seed value 
chain participants for them to work together to ensure proper and efficient distribution of 
tomato seed. Within that, emphasis could be placed on the need for one umbrella organization 
to bring all the seed value chain participants together to achieve a common goal of improved 
seed quality throughout the seed system.  
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The opportunities that Ugandan seed companies have to improve their seed conditioning 
processes to add value and what role MAAIF can play could be investigated.  
 
Literature Cited 
Audet-Bélanger, G., M.H. Thijssen, P. Gildemacher, A. Subedi, W.S. De Boef and W. 
Heemskerk, W. 2013. Seed value chain analysis. ISSD Technical Notes Issue no 2. 
Centre for Development Innovation Wageningen UR, Wageningen & Royal Tropical 
Institute, Amsterdam.10pp. 
 
CEAPRED. 2014. Internal assessment for vegetable seed project (VSP) III. Center for 




Daly, J., H. Danny, G. Gereffi, A. Guinn. 2016. Maize value chains in East Africa. 
International Growth Center, final report, Ref. F-38202-RWA-1. 
 
Elias, S.G. and L.O. Copeland. 1994. The effect of storage conditions on canola Brassica 
napus L. seed. quality. Journal of Seed Technology. 181:21–29. 
 
Gauchan D., D.B. Thapa Magar, S. Gautam, S. Singh and U.S. Singh. 2014. Strengthening 
seed system for rice seed production and supply in Nepal. IRRI-NARC collaborative 
EC-IFAD funded project on Seed Net Development. Socioeconomics and Agricultural 
Research Policy Division, Nepal Agricultural Research Council, Nepal. 40p.  
 
Harrington. 1960. Drying, storing and packaging seed to maintain germination and vigor. 
Seedsmen’s Digest. 11(1):16. 
 
Hellin and Meijer. 2006. Guidelines for value chain analysis. Food and Agriculture 
Organization of the United Nations, Rome, Italy. 24 pp. 
 
Kapoor, R., A. Arya, M.A. Siddiqui, A. Amir, and H. Kumar. 2010. Seed deterioration in 
chick pea (Cicer arietinum L.) under accelerated ageing. Asian Journal. of Plant 




Larson and Mbowa. 2004. Strategic marketing problems in the Uganda maize seed industry. 
Int. Food and Agribusiness Management Review. 7(4): 86–93. 
 
Lwakuba, A. 2012. The seed sector of Uganda: Is the future of the small-scale farmer bleak or 
bright. A review of the seed sector in Uganda. Pelum Association, Misereor. 31pp. 
 
 
Mastenbroek, A., and B. Ntare. 2016. Uganda early generation seed study: Unlocking 
pathways for sustainable provision of EGS for food crops in Uganda. Wageningen 
Univ. and Research (Wageningen UR) Centre for Development Innovation. Report 
CDI-16-030. Wageningen. 
 
Miller, B. M. and C. Lawrence. 1998. Seed production principles and practices. CBS 
Publishers and distributors. New Delhi. p132–133. 
 
Ministry of Agriculture, Animal Industry and Fisheries (MAAIF). 2018. National seed policy. 
22 pp. Entebbe, Uganda. 
 
Sperling, L., and H. D. Cooper. 2003. Understanding seed systems and seed security. In 
Improving the effectiveness and sustainability of seed relief. Proceedings of a 
Stakeholders’ Workshop, Rome. Food and Agriculture Organization.  
 
Ssebuliba, N. R. 2010. Base line survey of the seed sector in Uganda, in relation to regional 
harmonization of seed legislation. A report by the Uganda Seed Trade Association. 56 
pp. 
 
Ssejjemba, K.F. 2008. Value chain analysis of fresh tomatoes in Uganda and Kenya. 
Assignment 3, Mastricht School of Management, 17 pp. 
 
Yanping, Y., G. Ronggi, S. Qingguan, and L. Shengfu. 2000. Vigor of Welsh onion seeds in 





Table 1. Key participants, their type of institution and brief description in the tomato seed industry in Uganda.  
Name of participant Type of institution Brief description 
Ministry of Agriculture, Animal 
Industry and Fisheries (MAAIF) 
Public Department of Crop Inspection and Certification is responsible 
for all seed including tomatoes. 
 
National Agriculture Research 
Organization (NARO) 
Public Horticulture and Oil Palm Program is involved in tomato seed 
industry. 
 
Makerere University (MAK) Public Department of Agriculture Production within the College of 
Agriculture and Environmental Sciences participates in the 
tomato seed industry. 
 
Private seed companies Private Six seed companies involved in the tomato seed industry were 
included in this study. Three companies are located in Uganda 
and three have parent companies based in Kenya with offices and 
distributors in Uganda. 
 
Distributors/agro-dealers Private Located within Kampala and other districts in Uganda. 
 
Small-landholder farmers  Private Located throughout rural Uganda. Our study focused in the 
Kamuli District in eastern Uganda. 
 
        
 







Table 2. Key participants and their role and challenges faced in the tomato seed industry in Uganda.  
Key participant/institution  Role of institution. Challenges faced by actors/institutions 
 
Ministry of Agriculture, 
Animal Industry and 
Fisheries (MAAIF) 
a. Seed policy formulation 
b. Seed quality assurance 
c. Inspections of seed companies and 
out-growers of these companies 
d. Seed testing and certification 
 
a. High volumes of informal seed 




a. Seed related research 
b. Breeding of new cultivars 
c. Seed multiplication 
a. Inadequate skilled farmers to multiply breeder’s 
foundation seed 
b. Limited platforms for various tomato seed value chain 
players 
c. No policy brings all value chain players together for a 
common goal 
Makerere University (MAK) a. Seed related research 
b. Training/extension on seed related 
practices 
c. Breeding of new cultivars 
a. Inadequate government support for research on MT 
56 and its release as a bacterial wilt resistant cultivar 
High demand and limited availability/supply of 
improved (disease resistant and high yielding) 
cultivars 
Private seed companies a. Seed importation 
b. Seed conditioning 
c. Seed quality assurance  
(purity and germination) 
d. Seed marketing 
e. Seed packaging 
f. Farm trials 
g. Seed related research 
h. Seed multiplication 
a. Inadequate government support for seed importation 
b. Inaccessible places to enhance proper seed 
distribution 
c. Unfavorable government policies in fighting 
counterfeit seed 
d. Inadequate market for seeds 
e. Some distributors remove seeds from original 
containers, and this reduces seed quality 
f. Very few seed distributors 
Distributors/agro-dealers a. Distribute, retail and sell seed a. Low volumes of seed leading to low profit margins 
Small-landholder farmers  a. End users of seed 
b. Participate in farm trials 







Table 3. Percent of tomato farmers (n=220) who obtained tomato seed from sources other than personal seed saving, Kamuli District, 
Uganda. 
Seed source Tomato farmers (%)z 
Purchase location (one seller)  
a. Local Kamuli District rural trading center or village 
 
23.18 (n=51) 
b. Local Kamuli District town  63.18 (n=139) 
c. Kampala 0.90 (n=2) 
d. Other cities (Jinja and Kayunga) 0.90 (n=2) 
Purchase location (two different sellers) 
a. Local Kamuli District rural trading center or village 
b. Local Kamuli District town  























Table 4. Linkages and description of linkages among key participants in the tomato seed value chain in Uganda.  
Key participant Question asked Description of linkages 
MAAIF What is MAAIF’s contribution to: 
A. Seed distributors?  
i. Provide seed policies that govern proper distribution 
ii. No contribution 
iii. Others……….  
B. Seed research institutions (NARO)? 
 i. Provide seed policies that govern proper seed research 
ii. No contribution 
iii. Others………. 
C. Private seed companies? 
i. Provide seed policies that govern proper production and 
handling of seed 
ii. Regular inspection of seed company field stations 
iii. Making sure that seed companies follow Ugandan 
standards of seed production and conditioning 
iv. No contribution 
v. Others………. 
D. Small-landholder farmers? 
i. Feedback about seed quality to track progress of policy  
implementation 
ii. No contribution 
iii. Others………. 
If response other than “no 
contribution” was provided 
 = linkage 
 
If response was “no contribution” 
= no linkage 
 
If response other than “no 
contribution” was provided by one 
key actor and not the others  




What is NARO’s contribution to: 
A. Seed distributors?  
i. We provide the seed to them (market our seed) 
ii. No contribution 
iii. Others……… 
 







Table 4. (continued)    
 B. MAAIF 
i. Provide regulatory procedures for seed production, and 
breeding 
ii. Supervision of seed production activities 
iii. No contribution 
iv. Others………..  
C. Private seed companies? 
i. Multiply the seeds we provide 
ii. Conduct additional research on the seed we provide 
iii. No contribution 
iv. Others……… 
D. Small-landholder farmers? 
i. Purchase seeds directly from us or obtain free seeds for on 
farm trials  
ii. We provide seed management trainings 
iii. Provide feedback about seed quality 
iv. Act as out growers- field testing of new cultivars 
v. No contribution 
vi. Others……… 
If response other than “no 
contribution” was provided 
 = linkage 
 
If response was “no contribution” 
= no linkage  
 
If response other than “no 
contribution” was provided by one 
key actor and not the others  














What is MAK’s contribution to: 
A. Seed distributors?  
i. We provide the seed to them for resale 
a. They sell under our organization name 
b. They sell under another name 
c. They do something else with the seed 














Table 4. (continued) 
 B. MAAIF? 
i. Provide regulatory procedures for breeding 
ii. Supervision of breeding activities 
iii. No contribution 
iv. Others………  
C. Private seed companies? 
i. Multiply the seeds we provide 
ii. Conduct additional research on the seed we provide 
iii. No contribution 
iv. Others……… 
D. Small-landholder farmers? 
i. Purchase seeds directly from us  
ii. We provide seed management trainings 
iii. Provide feedback about seed quality 
iv. Act as our growers- field testing of new cultivars 
v. Act as our growers- contract growing of tomatoes 
vi. No contribution 
vii. Others……… 
If response other than “no 
contribution” was provided 
 = linkage 
 
If response was “no contribution” 
= no linkage 
 
If response other than “no  
contribution” was provided by one 
key actor and not the others  
= partial linkage 
 












A. Seed distributors?  
i. We provide the seed to them for resale 
a. They sell under our company name 
b. They sell under another name 
c. They do something else with the seed 
















Table 4. (continued) 
 A. Seed research institutions (NARO)? 
 i. Breeding 
ii. Provide us with different cultivars 
iii. No contribution 
iv. Others……… 
B. MAAIF 
i. Provide regulatory procedures for seed conditioning 
ii. No contribution 
iii. Others………  
C. Small-landholder farmers? 
i. Purchase seeds from us  
ii. We provide seed management trainings 
iii. Provide feedback about the quality of seed purchased 
iv. Act as our growers- field testing of new cultivars 
v. Act as our growers- contract growing of tomatoes 
vi. No contribution 
vii. Others……… 
If response other than “no 
contribution” was provided 
 = linkage 
 
If response was “no contribution” 
= no linkage 
 
If response other than “no 
contribution” was provided by one 
key actor and not the others  





What is the farmer’s contribution to: 
A. Seed distributors?  
i. Avail seeds to us 







































 B. MAAIF 
i. Provide extension services regarding tomato seed 
management practices 
ii. No contribution 
iii. Others……… 
C. Seed research institutions (NARO)? 
 i. We act as their growers for seed multiplication 
ii. We act as their contract growers 
iii. No contribution 
iv. Others……. 
D. Private seed companies? 
i. We obtain seed from them 
ii. We act as their growers for seed multiplication 
iii. We act as their contract growers 
iii. No contribution 
iv. Others……. 
 
If response other than “no 
contribution” was provided 
 = linkage 
 
If response was “no contribution” 
= no linkage 
 
If response other than “no 
contribution” was provided by one  
key actor and not the others  






Table 5. Goals for seed quality, seed conditioning processes, and challenges during seed conditioning of six tomato  
seed companies in Uganda (n=3) and Kenya (n=3).  
 
Goals for seed quality Percent of seed companies (n=6) agreeing to response  
Germination 
Freedom from noxious weeds 
Freedom from disease 
Freedom from insect parts 
Freedom from soil, other debris and chaff 
Seed moisture content 
Purity 














Seed conditioning processes  
Importation/received 100  
Bulk storage 100  
Drying  16.7  
Cleaning 16.7  
Separating and upgrading 16.7  
Seed treatment 16.7  
Repackaging 100  
Storage 100  
  
Challenges during seed conditioning  
Inadequate supervision from the ministry of agriculture 50  
Technology is not up to date 
Inadequate processing equipment 
Inadequate skilled personnel 






































Figure 1. Seed value chain map of the tomato seed industry in Uganda. MAAIF is the Ministry of Agriculture, Animal Industry and 
Fisheries; NARO is the National Agricultural Research Organization; MAK is Makerere University. 
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Supplementary Table 1. Interview questions used in surveys of six seed companies, two federal agencies, one national University and 
346 small-landholder farmers.  





landholder farmers in 







1. What department are you in? ✓  ✓ ✓ ✓ 
2. What is your role in assisting with the tomato seed 
industry? 
✓  ✓ ✓ ✓ 
3. Could you describe your activities in relation to the 
tomato seed system in Uganda? 
✓  ✓ ✓ ✓ 
4. What is your contribution to: MAAIF, NARO, MAK, 
seed companies, small-landholder farmers 
✓ ✓ ✓ ✓ ✓ 
5. How are your seeds distributed? ✓   ✓ ✓ 
6. If you use other distribution companies, could you please 
name them? 
✓   ✓ ✓ 
7. What challenges have you encountered during your work 
with the tomato seed sector? 
✓  ✓ ✓ ✓ 
8. What would you like to see changed? ✓  ✓ ✓ ✓ 
9. What type of value do you add to tomato seeds? ✓  ✓ ✓ ✓ 
10.  Is the seed industry regulated in Uganda? 
 If so, how? If no, why? 
  ✓   
11. Where do you get your seeds from ✓     
12. What documentation do you use to guide your seed 
production/multiplication process? 
✓  ✓   
13. What documentation are seed companies supposed to use 
to guide their seed production/multiplication process? 
  ✓   
14. Do you store seeds? 
If yes, how and where? 
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Abstract 
 Seed is a critical input to grow crops successfully and contribute to food security. 
High-quality seeds are essential for small-landholder farmers who produce tomatoes in the 
developing world.  Small-landholder farmers, including in- and out-of-school youth, often 
lack agriculture production skills and inputs, including high-quality seeds. A research project 
determined tomato seed management practices used by small-landholder farmers in the 
Kamuli District, Uganda. Surveys were administered to 346 adult small-landholder farmers 
and 60 in- and out-of-school youth (part of an Iowa State University, youth entrepreneurship 
program) in June and July of 2015 and included only those adult and youth farmers who 
grew tomatoes. Within the Kamuli District, tomato production was dominated by male 
farmers (adults, 89.6%, and youth, 81.7%) while female farmers were few (adult, 10.4%, and 
youth, 18.3%). A majority of adult small-landholder farmers (59.2%) were more than 35 
years of age, married (90.5%) with a primary level of education (56.4%) (mainly upper 
primary school, levels of grade 4-7), while most youth farmers (48.3%) were aged between 
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20-29 years (48.3%), not married (66.7%) and had a secondary level of education (levels of 
grade 8-13) (58.3%). Thirty six percent of adult and 35% of youth survey respondents saved 
seed, while 63% of adult and 65% of youth farmers did not. Most tomato growers (83.3% 
adults and 81% youth) received knowledge about seed saving from fellow farmers. Of those 
tomato growers saving seed, most did not track which tomato cultivar they saved. Among 
those who could identify cultivars, the non-hybrid cultivar Rio Grande was the most 
commonly saved.   
All farmers who saved seed selected fruit by visual examination. Most farmers (50% 
adult and 83% youth) harvested their tomatoes from fields at the light-red maturity stage and 
stored them indoors for a period of 1-4 days to enhance ripening and did not ferment their 
mixture of pulp and tomato seed after seed extraction. Farmers who conducted fermentation 
completed the process in one day. Farmers dried (grain sacks, galvanized steel sheet, 
stainless-steel plate and plastic bag) and stored (plastic bag, plastic containers, reused soda 
bottles and metallic seed containers) tomato seed using locally available materials without 
considering the effect of these materials on tomato seed quality. They controlled for seed-
borne disease by dusting seed with wood ash and did not use protective clothing or gear if 
they used fungicides as seed treatments. Farmers agreed with the statement that they can save 
money and reproduce a desired cultivar with seed, but had inadequate knowledge about seed-
saving techniques, which also was the most common reason for not saving seeds.   
Saving seed can be a sustainable production option for small-landholder farmers in 
the Kamuli District who grow non-hybrid tomatoes and have limited funds for agricultural 
inputs. Uganda’s Ministry of Agriculture, Animal Industry and Fisheries through its 
agriculture extension body (National Agriculture Advisory Services) has an important role in 
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strengthening agriculture education policies and programs to improve tomato seed 
management practices, including seed saving techniques for small-landholder farmers. 
Additional horticultural and agricultural business programming can assist youth who seek to 
become future adult farmers. 
Introduction 
Seed is one of the most important inputs in tomato production (Magar and Gauchan, 
2016). In Uganda, tomatoes are grown typically by small-landholder farmers and are a source 
of employment, income and food (Bortey and Asuman, 2017; Asare-Bediako et al., 2007). 
There is a need for small-landholder farmers to use high-quality seed in addition to other 
inputs to enhance tomato yield. Since 2004, the Iowa State University, Center for Sustainable 
Rural Livelihoods (CSRL) has had an agriculture and community development program 
working with small-landholder farmers in the Kamuli District. Starting in 2013, CSRL 
programs include a youth entrepreneurship program (YEP) that teaches in- and out-of-school 
youth about entrepreneurship and crop and livestock production and management practices. 
Small-landholder farmers including youth are faced with several challenges during the 
production of tomatoes. Challenges include pests (diseases and insects), inadequate 
information on sustainable local horticultural practices, and inadequate agriculture 
production skills and inputs, including seeds. Limited research has been conducted to address 
some of the above limitations, including pest problems (Akemo, 2001) and inadequate 
information on sustainable horticultural practices (Tusiime, 2014). However, little is known 
about cultural practices used by rural small-landholder farmers and youth during tomato 




Research to understand current tomato seed management practices, challenges 
encountered during production, and accessibility of high-quality seed will provide new 
information to assist farmers improve local seed management practices and the government 
of Uganda to develop relevant extension programs. The objective of this study was to 
identify the current seed management practices used for producing tomatoes by utilizing 
surveys, interviews and observations of 346 small-landholder farmers and 60 in- and out-of-
school youth in the Kamuli District of Uganda, and determine their extension needs. 
Materials and methods 
Study area: In June and July of 2015, a survey was conducted in the Kamuli District 
(10.20'N 330.20'E - 0056'N 330.05'E) of Uganda with tomato farmers and in three subcounties 
where CSRL has had a development program since 2004. Farmers in the survey represented 
the Kamuli District through subcounties and parishes. Farmers originated from sub-counties 
of Butansi, located in the southwest region with four parishes (Butansi, Bugeywa, Naluwoli 
and Naibowa); Namasagali, located in the west with four parishes (Bwiza, Kisaikye, 
Namasagali and Kasozi); and Bugulumbya, located in the southeast region with two parishes 
(Nawanende and Kasambila). The study also included in- and out-of-school youth that were 
part of a CSRL Youth Entrepreneurship Program (YEP); a program started in 2013 that trains 
Ugandan youth about entrepreneurship and crop and livestock production and management 
practices. 
Sample size: The sample size of small-land holder farmers in this study was 
determined by a formula; n= (za/2)2 [(p) (1-p)] (Fisher et al., 1983; Mugenda, 1999) where n= 
sample size, z= standard deviation of 1.96, p= estimated proportion of tomato famers, and E= 
sampling error at 5%. The sample size calculations were n = (1.96)2 [(0.5) (1-0.5)], where n= 




surveyed areas, a stratified random sampling technique was used. The population was 
divided into small groups known as strata. A random sample from each stratum was taken in 
a number proportionate to the stratum’s size when compared to the population. The subsets 
of the strata were then pooled to form a random sample. The total number of parishes within 
each sub-county were the strata; four in each Butansi and Namasagali sub counties and two 
in Bugulumbya. A sample from the total number of households in each parish was used and 
proportionate to the parish household size when compared to the total number of households 
in the sub-county. Within Butansi subcounty, tomato farmers resided in Naluwoli (87), 
Bugewya (17), Naibowa (40) and Butansi (14). Within Namasagali sub-county, farmers were 
from Kisaikye (8), Bwiiza (112), Kasozi (10) and Namasagali (19). Within Bugulumbya sub-
county, 20 farmers originated in Nawanende parish and 19 in Kasambila. Community-based 
trainers (CBT’s) working with CSRL within each parish assisted us to locate tomato farmers 
within households. A total of 60 YEP youth within Namasagali subcounty regardless of the 
parish, were interviewed. 
 Survey instrument: The survey tool was comprised of open-ended and multiple-
choice questions. A total of 44 questions were written in English and translated into and 
asked in Lusoga (the native language in Kamuli) by the first author. Research assistants 
were fluent in both English and Lusoga and they helped to record responses. Questions 
included the current practices used in tomato seed management included cultivars used in 
seed saving, seed storage materials, seed saving processes, seed treatments, extension 
services/assistance, reasons for not saving seed, and demographic characteristics such as 
age, marital status, and education level. The research received approval from Iowa State 
University’s Institutional Review Board (IRB ID:15-374) and the Uganda National Council 
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of Science and Technology (UNCST: A 501). Additionally, consent (over 18 years of age), 
or assent (below 18 years of age) and consent of a parent or guardian, were obtained from 
participants prior to interviews.  
  Pretesting of the survey tool was conducted in Butende parish, located within 
Kyitayunjwa sub-county (a location that was not part of the research study), prior to data 
collection with farmers. A snow ball method (a technique utilized to find research 
respondents) was used. One respondent gave the researcher the name of another respondent, 
who in turn provided the name of a third, and so forth) was used to locate 35 tomato-
producing farmers within the parish for the pretest (Vogt, 1999). During pretesting, 
research assistants participated in a normalization process to ensure that questions were 
asked and data were collected in a similar way. Quantitative and qualitative data were 
collected from June 30 to July 11, 2015.  
 Data analysis: Quantitative data were analyzed using SPSS™ (release 11.0, version 
24, SPSS Inc., Chicago, IL, USA). Frequencies and descriptives were utilized as indexes 
during the analysis. Pearson chi-square analysis was used to determine the association 
between variables. Content analysis was conducted on qualitative data to establish tomato 
seed saving processes and procedures.  
Results and Discussion 
Adult and youth farmer demographics: A total of 346 adult and 60 youth small-
landholder farmers-406 respondents in all, were involved in this study. Within the Kamuli 
District, tomato production was dominated by male farmers (adults, 89.6%, and youth, 
81.7%) while female farmers were few (adult, 10.4%, and youth, 18.3%) (Table 1). Tomato 
production is a capital-intensive venture, and in Uganda, men have more and better access to 
financial resources and land compared to women (Atuhaire et al., 2016; Masterson, 2007). 
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Access to finances enables farmers to purchase agricultural inputs including seeds, pesticides 
(fungicides and insecticides), stakes, mulch, and labor. Previous studies in Kenya and Ghana 
(Bortey and Osuman, 2016; Clottey et al., 2009; Ochilo et al., 2019) reported similar 
observations in which more men than women produced tomatoes. A study by Mamudu et al. 
(2009) in Ghana revealed that men had higher credit portfolios from banks and better access 
to loans than women, which enabled them to engage in tomato production.  
A majority of adult small-landholder farmers (59.2%) were more than 35 years of 
age, married (90.5%), and with a primary level (1-7 years) of education (56.4%) (completing 
mainly upper primary school, grades 4-7), while most youth farmers (48.3%) were aged 
between 20-29 years (48.3%), not married (66.7%), and had a secondary level of education 
(58.3%) (completing grades 8-13) (Table 1). Similarly, a study by Ochilo et al. (2019) in 
Kenya reported that 73% of the farmers in their study were aged between 36 and 60 years. 
Older farmers have better access to financial resources and capital to invest in tomato 
production. In Kenya, younger small-landholder famers have limited access to land and 
improved farm inputs, are not targeted by government-sustained input programs, and lack 
viable markets and targeted extension support (Ochilo et al., 2019).  
The Uganda Bureau of Statistics (2017) reported that the 2016 enrollment of pupils in 
primary schools was 8.6 M and dropped drastically to 1.4 M for secondary schools, 
indicating that most pupils do not proceed to secondary school. This could explain why most 
adult small-landholder farmers in the rural Kamuli District only attained a primary level of 




The reason a higher percentage of youth farmers in the study had obtained secondary school 
education was because the majority (71.7%) of the farmers in the YEP program were 
enrolled in secondary school and the remainder (28.3%) were out-of-school youth. 
Tomato seed saving: Of the 346 adult small-landholder farmers, 126 (36.41%) 
locally saved tomato seed, while 220 (63.5%) did not save seed (Table 1). Additionally, 
among the 60 youth farmers, 21 (35.0%) saved seed while 39 (65.0%) did not save seed. 
Most farmers did not save seed because they did not know how to save seed (Table 2). 
Previous studies in Ghana (Almekinders et al., 1994; Danquah et al., 2007 and Tripp, 2001) 
contrasted with our findings and indicated that most small-landholder farmers (80 to 90%) 
saved tomato seed from previously harvested fruits. Some farmers in Ghana did not 
recognize the economic benefit of investing in high quality seed, since the fruit prices in local 
rural markets are the same regardless of initial seed quality (Clottey et al., 2009). 
Within adult (88.1%) and youth (85.7%) small-landholder farmers, tomato seed 
saving was primarily a male activity (Table 1). Within both groups, the proportion of male 
farmers who did not save tomato seed was more than female farmers. More men were 
involved in both tomato seed saving and non-seed saving because majority of them were 
involved in tomato production. For both adult (2 =8.2, P=0.041) and youth small-landholder 
farmers (2=13.2, P=0.004), an association existed between the age of farmers and whether 
they saved seeds or not. Among adult small-landholder farmers, the majority of seed savers 
(65.1%) and non-seed savers (55.9%) were above 35 years of age, whereas for youth small-
landholder farmers, most seed savers (66.7%) were below the age of 20 and non-seed savers’ 
age ranged between 20-29 years (Table 1). Older small-landholder farmers were involved in 
tomato seed saving because they knew how to save seed and had been taught by fellow 
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farmers (Table 4). Most adult small-landholder farmers who saved (92.1%) or did not save 
seed (89.5%) were married and were older in age while most youth farmers who saved 
(85.7%) or did not save seed (56.4%) were not married and a majority were still completing 
high school. 
The education level was not associated with a farmer’s (small-landholder and youth) 
decision to save or not to save seed, possibly because majority of the farmers obtained 
assistance from fellow farmers. Adult small-landholder farmers who saved seed (50%) or not 
(47.7%) had a primary school education, while youth seed savers (66.7%) and non-seed 
savers (53.8%), possessed a secondary level of education (Table 1). Research by Binam et al. 
(2008) with cocoa farmers in West Africa reported similar results in which a farmer’s level 
of education and background were not significant in determining their efficiency in 
production and seed saving. Previous research by Lapar and Ehui (2003) and Maliwichi et al. 
(2014) in Philippines and South Africa contrasted with our findings and indicated that 
education impacts decision making, and farmers who are more educated are more open to 
innovative ideas and new technologies for improved tomato productivity. 
Benefits and challenges in seed saving: Both adult (42.1%) and youth (23.6%) 
small-landholder farmers who saved seed mentioned that they save money by saving seed. 
They did not need to purchase seed, which is an expensive input for Kamuli farmers 
(Tusiime, 2014). Additional benefits of seed saving included the flexibility for farmers to 
save cultivars they wanted in addition to obtaining a large amount of seed. Anonymous 
(2001) indicated that farmers preferred to save seed from specific tomato cultivars because of 
their suitability to local environments (soil and climate). Tomato seed saving was challenging 
and the most common challenge faced by both groups of small-landholder farmers (adult, 
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35.2%, and youth, 61.9%) was inadequate knowledge on how to save seed. Lack of seed-
saving supplies and equipment was another challenge shared by adult (34.4%) and youth 
(57.1%) small-landholder farmers. Additional challenges included seed-borne diseases and 
inadequate capital (Table 2). Research conducted by Bhatti and Bhutta (1990) indicated that 
a 10% tomato crop loss was caused by seed-borne diseases in Pakistan. Studies by Bortey et 
al. (2016) and Fakir (2001) reported damping off and early blight as common diseases among 
tomato seed savers in Ghana and Bangladesh. 
Non-tomato seed savers: Most of the non-tomato seed savers among adult (43.6%) 
and youth (59%) farmers mentioned that they did not save seed because they did not know 
how to save seed (Table 3). Additional reasons mentioned by farmers included lack of 
required equipment to save seed; it was cheaper to purchase seed; saved seeds produced low 
yields; seed saving was time consuming; fear of seed borne diseases; and seed saving was 
difficult.  
Tomato seed management practices  
Cultivar: A majority of seed savers among adult (50.8%) and youth (33.3%) small-
landholder farmers did not know tomato cultivar names from which seed was extracted. 
Among those who could identify cultivar names (12.7% adult and 19% youth small-
landholder farmers), Rio Grande was the most commonly grown cultivar. Other cultivars 
from which seed was saved included Moneymaker, Heinz 1370, and Roma. Ochilo et al. 
(2019) agreed with our findings and reported that Rio Grande was the most cultivated tomato 
among Kenyan small-landholder farmers and the choice of cultivar depended on the cost of 
seeds, growth habit (determinate vs indeterminate), and tomato uses (fresh vs processing). 
Few adult (7.1%) and youth (9.6%) small-landholder farmers saved seed from hybrid 
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tomatoes, which unknowingly to farmers is an unacceptable practice because it leads to allele 
segregation and poor-quality yield in the next generation of plants (Table 4). Studies by 
Bortey and Osuman (2016) and Bortey et al. (2011) reported similar results in which 52% of 
Ghanaian tomato farmers did not know the names of cultivars they grew. This often led to 
farmer-saved seed that was not genetically pure (visually observed off-types in fields), 
infected with seed-borne pathogens, and had poor crop establishment and low yields because 
crop productivity is directly dependent on seed quality.  
Seed extraction process:  
Fruit selection: All (100%) small-landholder farmers (adult and youth) who saved 
tomato seed selected fruit for seed extraction by visual examination (Table 4). Tomato fruit 
characteristics utilized by farmers during the fruit selection process included size, maturity 
stage, and freedom from pest (disease and insect) damage. Farmers selected fruits that ranged 
from small-to-medium-to-large sizes, had attained a red color of maturity stage, and were 
free from pest damage. Some adult small-landholder farmers sold good quality fruits in the 
markets and intentionally selected poor-quality fruits exhibiting disease and insect damage 
for seed extraction without considering the seed health impact of extracting tomato seeds 
from diseased fruits. Diseased fruits potentially could result into transfer of seed-borne 
diseases to seeds. In tomatoes, bacterial seed-borne diseases that are transmitted from 
infected fruits to seeds include bacterial canker (Clavibacter michiganensis 
subsp.michiganensis), bacterial speck (Pseudomonas syringae), and bacterial spot 
(Xanthomonas perforans). Fungal seed-borne diseases include anthracnose (caused by 
Colletichum phomoides) and early blight (caused by Alternaria solani) while tobacco mosaic 
virus is an example of a viral seed-borne disease (George, 2009; Miller, 2014).  
 61 
McCormack (2004) indicated that during fruit selection, farmers should consider fruits that 
are true-to-type, including color, size, and shape, and avoid fruits with obvious signs of insect 
and disease damage or fruits from diseased plants. 
Fruit ripening: Fruit ripening involved the storage of tomato fruits indoor for a 
couple of days to enhance and extend the ripening process. Fifty percent of adult and 86% of 
youth small-landholder farmers harvested their tomatoes from fields at the light-red maturity 
stage and stored them indoors for a period of 1- 4 days to enhance ripening. Half of adult and 
few youth (14%) small-landholder farmers harvested tomato fruits at the red maturity stage 
and did not have to complete fruit ripening (Table 4). Fruit maturation and post-harvest 
storage have an effect on tomato seed quality. Dias et al. (2006) reported that short term post-
harvest fruit storage improved physiological seed quality when green-mature fruits were 
harvested and stored until pericarp turned completely red. Kwon and Bradford (1987) 
indicated that as tomato fruits matured from green to red stage, the seed germination rate and 
percentage increased, but then declined from red maturity stage to overripe. 
Seed extraction and separation by fermentation: All (100%) small-landholder 
farmers (adult and youth) conducted seed extraction by cutting or squeezing tomato fruits 
either equatorially or longitudinally. The seeds with gelatinous material surrounding them 
were scooped/spooned out into containers. During this process, the pulp, fruit walls, skin and 
other debris were excluded. The seeds were then washed several times until clean. A majority 
of the small-landholder farmers (adult, 90% and youth, 95%) did not ferment their mixture of 
pulp and tomato seed. Only ten percent of adult and 5% of youth small-landholder farmers 
fermented the pulp containing tomato seed (Table 4). Among the youth, fermentation was 
conducted for one day, whereas adult farmers fermented for a period of 1-3 days with a 
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majority of the farmers using one day to complete the process. During the fermentation 
process, ambient temperature was not considered, measured, or recorded and the mixture was 
not stirred. According to George (2009) and McCormack (2004), the pulp containing 
extracted tomato seeds needs to ferment for up to 3 days at about 20-25 C and stirred several 
times (2-3) a day to maintain a uniform rate of fermentation and prevent seed discoloration. 
Fermentation aids in the breakdown of the gelatinous material surrounding the seed coat, 
which is a germination inhibitor, and bacterial canker, a seed-borne disease, can be prevented 
through the fermentation process. 
Seed drying: A majority of adult small-landholder farmers used a grain sack (woven 
polypropylene bag) (23%), galvanized steel sheet (19.8%), plastic bag (30-micron non-
perforated high-density polyethylene bag) (12.6%), or stainless-steel plate (10.3%) to sun dry 
tomato seed. Additionally, youth farmers commonly used a plastic bag (23.8%) followed by 
stainless-steel plate (19%), galvanized steel sheet, sack, and cloth (14.2%). Overall, less than 
10% of the farmers dried seed on newsprint, plastic basin, plastic plate, tarp, cardboard box 
and wood surface (Table 4). Farmer’s decision to dry tomato seed in the sun using the above 
materials was motivated by economic and practical considerations. The sun exposure dried 
seeds more quickly and these materials were locally available. Farmers used these locally 
available materials without considering their potential effect of these materials on seed 
quality, yet previous research by Nassari et al. (2014) indicated that the type of drying 
material affects tomato seed quality. Research by S. Tusiime (2019) found that drying tomato 
seed using a sack (woven polypropylene bags) resulted into better seed germination 
compared to a stainless-steel plate. 
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Seed storage (how and where): Adult (50.8%) and youth (66.7%) small-landholder 
farmers stored tomato seed in plastic bags (30-micron non-perforated high-density 
polyethylene bag). Thirty-two percent of adult and 46% of youth small-landholder farmers 
used plastic containers (white high-density polyethylene container with lid) to store seed. A 
few adult (7.9%, 9.5%) and youth (9.5%, 9.5% respectively) small-landholder farmers used 
recycled plastic soda bottles and reused metallic seed containers. Clements (1988) agreed 
with our findings and reported various containers were used during seed storage (earthen 
container, polyethylene bag, and plastic container). In our study, neither adult nor youth 
small-landholder farmers understood or considered the effect of seed storage containers on 
tomato seed quality, yet previous research by Abukutsa (2007) and Maina et al. (2017) 
reported that seed quality was greatly impacted by storage conditions (relative humidity, 
temperature) brought about by various storage containers. 
A majority of adult (91.3%) and youth (81%) small-landholder farmers stored tomato 
seed within the main living house while a few of them used the external kitchen building or 
storage building (Table 4). Seed storage containers and location of storage are very important 
because they influence the storage environment, which has a direct impact on seed longevity. 
Tomato seeds require low temperature and humidity environments to store well, which were 
not described or used by farmers.  
Seed-borne diseases and seed treatments: Fifty percent of adult small-landholder 
farmers did not control seed-borne diseases, while 49.3% did. Most youth farmers controlled 
seed-borne diseases (71.4%) while a few of them did not (28.6%). Youth farmers had the 
opportunity to learn about disease control during their agricultural trainings in school and 
agricultural clubs, which was probably not the case for adult small-landholder farmers. A 
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majority of respondents within both groups; adult (29.3%) and youth (42.9%) small-
landholder farmers, used wood ash as a seed treatment. Wood ash was preferred by farmers 
because it was locally available, inexpensive, and had the ability to keep seeds dry, serving as 
a desiccant. Wood ash might have a corrosive effect on insect skins, making it an insect 
repellant and protecting seeds from insect damage (Adamant, 2018). Nyarko et al. (2006) 
reported that farmers in Ghana sometimes used wood ash to control insect pests during the 
storage of vegetable seeds because it did not affect seed viability and vigor. Nabeela et al. 
(2015) found that depending on the quantity of wood ash used, the germination of vegetable 
seeds was affected; wood ash significantly reduced germination of Brassica napus L. at 
concentrations above 25g of wood ash/kg of soil. 
The remaining adult (19.8%) and youth (28.6%) small-landholder farmers used 
fungicides, such as indofil M-45 (mancozeb 80% WP), mancofil M-45 (mancozeb 75% WP), 
mancozeb 80% WP, while a few adult (6.3%) small-landholder farmers also used insecticides 
including dudu cyper 5% EC, ambush super (permethrin), and karate 5EC (lambda-
cyhalothrin). Fewer respondents used fungicides and insecticides because they are an 
expensive input, and farmers lack the financial resources and technical knowledge on what 
quantities to apply and how often. Fungicides have the ability to reduce diseases and seed-
borne pathogens while increasing seedling germination and vigor, resulting in increased 
tomato crop yields when applied correctly and when needed (Chohan et al., 2017). Kassim 
and Monawar (2000) treated tomato seed with various fungicides and reported that benomyl 
was the most effective against fungi that were detected on tomato seed. A majority of 
respondents within both groups (adult, 85.7% and youth, 88.1%) did not use personal 
protection equipment while applying pesticides (Table 4). A study by Mengistie et al. (2017) 
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conducted on rural small-landholder farmers in Ethiopia revealed that most farmers lack 
adequate knowledge on the potential hazards pesticides might cause to themselves and the 
environment. 
Agricultural extension assistance: Most small-landholder farmers (83.3% adults 
and 81% youth) received assistance from fellow farmers on how to properly manage seed. 
Very few small-landholder farmers obtained extension information from extension personnel 
(10.3%, adult). Youth farmers did not receive any assistance from local government 
extension personnel (Table 4). The challenge associated with fellow farmers providing a 
majority of the knowledge transfer is that farmers might lack access to updated research-
based solutions to seed management or have incorrect information. Farmers can share only 
what they know or have experienced. Inadequate or no extension assistance from 
professionals makes it difficult for farmers to efficiently benefit from the production of high-
value crops, like tomatoes. Previous studies by Modirwa (2019) in South Africa and Nosheen 
and Ahmad (2010) in Pakistan found similar results that fellow farmers were the most 
prevalent information source among rural agricultural communities. Welu (2015) emphasized 
the importance of effective extension services during vegetable seed production including 
seed saving and reported effective extension as a key contributor to poverty reduction in 
developing countries. Welu (2015) and Davis et al. (2009) reported that in Ethiopia vegetable 
seed extension services mainly were provided by the public sector and limited extension 
provided by the private sector including non-governmental organizations. 
Conclusions and Recommendations 
Tomato production is a male-dominated activity in which most small-landholder 
farmers (adults and youth) do not save seed. A majority of farmers who saved seed (adult and 
youth) received knowledge about seed saving from fellow farmers. Most seed savers did not 
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track which tomato cultivars they saved. Among those who could identify cultivars, non-
hybrid Rio Grande was the cultivar most commonly saved. Seeds were dried and stored in 
various locally available materials without considering the effects of these materials on 
tomato seed quality. Most farmers controlled for seed-borne diseases by dusting seed with 
wood ash and did not use protective clothing or gear if they used fungicides or insecticides. 
Farmers agreed with the statement that they can save money and reproduce a desired cultivar 
with seed, but had inadequate knowledge about seed-saving techniques, which also was the 
most common reason for not saving seeds.   
Saving seed can be a sustainable production option for small-landholder farmers 
growing non-hybrid tomatoes and Kamuli District youth who have limited funds for 
agricultural inputs. Based on this study, Uganda’s Ministry of Agriculture, Animal Industry 
and Fisheries through its agriculture extension body (National Agriculture, Advisory 
Services) should put in place, implement, and strengthen agriculture education policies and 
programs to improve tomato seed management practices including seed saving techniques for 
current adult and youth famers. Extension training materials for the Kamuli District should 
include photographs of current seed management practices and any text should be in English 
(national language) and Lusoga (local language). Innovative uses of mobile phone 
technologies could be implemented, such as easily accessed documents describing 
appropriate seed saving practices since fellow farmers could use them as credible reference 
as they share knowledge.  
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Table 1. Demographic characteristics of youth and adult farmers who save or do not save tomato seeds in Kamuli, Uganda. 
z Number of adults surveyed was 346. The number of adults who saved tomato seeds was 126 and the number not saving tomato seeds was 220. 
y Number of youth surveyed was 60 and all were engaged in a youth entrepreneurship program. The number of youth who save tomato 
seeds was 21 and the number not saving tomato seeds was 39.
 
 
x Chi-squared (2) analysis at p≤0.05; NS indicates not significant. The Chi-square analysis was used to indicate whether a particular 
variable (sex, age, marital status and education) was associated with farmer’s (adult or youth) decision to save or not to save seed. 
Description Farmers growing 
tomatoes  
 
Adult (%)z    Youth (%)y 
Farmers saving seed 
(%) 
     
   Adult           Youth 




     Adult           Youth
 































    Female 10.4 18.3 11.9 14.3 9.5 20.5 
Age 
























0.004    20-29 years  22.8 48.3 15.9 23.8 26.8 61.5 
   30-35 years  16.8 5.0 19.0 9.5 15.5 2.6 
   >35 years 59.2 6.7 65.1 0 55.9 10.3 
Marital status 












43.6 NS 5.2 NS 0.022 
   Single 9.5  66.7 7.9 85.7 10.5 56.4 
Education 



































   1-3 years  7.8 1.7 8.7 0 7.3 2.6 
   4-7 years  48.6 28.3 50.0 19.0 47.7 33.3 
   8-13 years  35.0 58.3 32.5 66.7 36.4 53.8 






Table 2. Benefits and challenges faced by adult and youth small-landholder farmers who save tomato seed in Kamuli, Uganda. 
zRespondents:126 adult and 21 youth small-landholder farmers who saved tomato seed. Number of adults surveyed was 346. Number 
of youth surveyed was 60 and all were engaged in a youth entrepreneurship program.
 
yPercent of seed savers agreeing with statement. 













          Adult farmers 
(%) z, y 
Youth farmers (%) 
Benefits to saving tomato seedsx 
 
 
  I save money from saving seed 42.1 23.6  
  I save a large amount of seed 23.8 0  
  I can get the cultivar I want in a new planting 11.1 19.0  
Challenges to saving tomato seeds   
  Inadequate knowledge on how to save seed 35.2 61.9 
  Lack of equipment 











Table 3. Reasons provided by survey respondents why adult and youth small-landholder farmers did not save tomato seeds,  
Kamuli, Uganda. 
 
Reasons for not saving tomato seeds Adult farmers (%)z, y Youth farmers (%) 
      I do not know how to save seedx 43.6 59.0 
      Lack of required equipment to save seed 22.3 10.3 
      It is cheaper to purchase seed 9.1 0 
zRespondents: 220 adult and 39 youth tomato non-seed savers. Number of adults surveyed was 346. Number of youth surveyed  
 was 60 and all were engaged in a youth entrepreneurship program.  
yPercent of seed savers agreeing with statement. 
























Table 4. Tomato seed management practices used by adult and youth small-landholder tomato farmers who save tomato seed, Kamuli, 
Uganda. 
Cultivar of seed saved Adult farmers (%)z Youth farmers (%) 
   Do not know cultivar names 50.8 33.3 
   Rio Grande 12.7 19.0 
   Money maker 8.7 4.8 
   Heinz 1370 4.0 4.8 
   Honex 3.9 4.8 
   Assila 3.2 4.8 
   Roma 3.2 0 
   
Seed extraction process   
   Fruit selection   
        Yes 100 100 
         No 0 0 
    Fruit ripening   
        Yes 50 14 
         No 50 86 
    Seed extraction   
         Yes 100 100 
         No 0 0 
    Seed separation by fermentation   
          Yes 10 5 
          No 90 95 
   
Seed drying surface   
   Sack 23.0 14.2 








   Table 4. (continued)   
   On top of plastic bag 12.6 23.8 
   Stainless-steel plate 10.3 19.0 
   Cloth 7.1 14.2 
   Plastic basin 6.3 4.7 
   Plastic plate 6.3 4.7 
   Newsprint 5.5 0 
   Taplin 3.1 4.7 
   On top of box 2.3 0 
   On top of wood 2.3 0 
   
Control of seed borne diseases   
   Yes 49.3 71.4 
   No 50.7 28.6  
   
Seed treatments used   
   Wood ash 29.3 42.9 
   Fungicides 19.8 28.6 
   Insecticides 6.3 0 
   Antibiotics 0 0 
   
Personal protection equipment used   
   Yes (gloves, mask) 14.3 11.9  
   No 85.7  88.1  
   
Seed storage container   
   Plastic bag (30-micron non-perforated high- 








Table 4. (continued)   
  Plastic container (white high-density 
polyethylene container with lid) 
32.5 47.6 
  Recycled metallic seed container 9.5 9.5 
  Recycled plastic soda bottle 7.9 9.5 
  Paper bag 5.6 0 
   
Seed storage location   
   Main living house 91.3 81.0 
   Storage building 9.5 9.5 
   Kitchen 1.6 9.5 
      
Assistance on how to save seed   
   Fellow farmers 83.3 81.0 
   Extension personnel 10.3 0 
   Neighbors 6.3 14.3 
   Seed company  1.6 0 
zRespondents: 126 adult and 21 youth tomato seed savers. Number of adults surveyed was 346. Number of youth surveyed was 60  














Figure 1. Supplement A. Map of Kamuli District showing sub-counties and parishes where 












Sub-counties in which 
survey was conducted 
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Tomatoes are a source of income and contribute to food security for small-landholder 
farmers in Uganda, including the Kamuli District. Seed is a critical input to grow tomatoes 
successfully and contribute to food security. Low yields in tomato production have been 
attributed to challenges including pests (insects and diseases) and low-quality seed. Our 
objective was to evaluate the quality of seed on the local market in the Kamuli District. Three 
sources of tomato seed (seed companies, seed distributors, and seed saved by small-
landholder farmers), and seed density (floating or sinking of seeds in water) were examined 
for their influence on seed germination and vigor (seedling dry weight, seedling growth rate, 
and vigor index II). Results indicated tomato seed obtained from companies and distributors 
had the highest germination, seedling dry weight, and vigor index II compared to seed 
obtained from small-landholder farmers. Farmer seed produced the highest number of dead 
seedlings compared to distributor and company seed. Although seed density (floating or 
sinking) tomato seeds did not impact overall germination, floated seeds resulted in more dead 
seedlings. Overall, floated seeds produced higher seedling dry weights and vigor index II 
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compared to seeds that sank, which was unexpected. Within farmer seed, seed density 
(floating and sinking) did not impact seedling vigor, implying that these procedures might 
not be valuable to farmers, especially after seed has been dried and stored. However, farmers 
could still utilize seed density procedures explained in this study to separate high quality 
from low quality seed during the seed extraction process and before storage. The Ministry of 
Agriculture, Animal Industry and Fisheries should assist in creating opportunities for seed 
companies to package seeds in smaller amounts to make seed affordable to small-landholder 
farmers. Extension efforts should train farmers on advantages of professionally produced 
seed; if income is limited, programs on proper seed-saving techniques are needed. 
Introduction 
Out of 2,277,184 ha of land under agriculture production in Uganda, tomatoes are 
among the vegetables that occupy 29,600 ha of land. Horticultural crops including tomatoes 
contribute 30% of the total agriculture production in Uganda (Sonko et al., 2005). Ugandan 
small-landholder farmers greatly benefit from tomato production through increased income 
and food security. Good quality seed is a critical input for successful tomato production and 
the use of high-quality seeds has been associated with an increase in yield and profitability of 
high value crops (Ojiewo et al., 2010). Within various districts in Uganda including Kamuli, 
tomato yields at farm level generally are lower than potential (Kagezi, 2001; Ssemwogerere 
et al., 2013). These low yields have been attributed to challenges including pests (insects and 
diseases), low soil fertility, inadequate agricultural inputs, and low-quality seed (Fufa et al., 
2011; Ssekyewa, 2006).  
The objective of this study was to evaluate the quality of seed on the local market in 
the Kamuli District of Uganda. Determining the quality of seed available on the Kamuli 
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market will assist farmers identify sources of good quality tomato seed. Small-landholder 
farmers are resource constrained with land area, and capital and investing in good quality 
seed will utilize their land area more efficiently by increasing tomato yield.  
In this study, we evaluated three sources of tomato seed (seed companies, seed distributors, 
and seed saved by small-landholder farmers), and seed density (floating or sinking of seeds 
in water) to assess their influence on seed germination and vigor (seedling dry weight, 
seedling growth rate, and vigor index II). 
Materials and Methods 
Seed source: Tomato seed from ‘Rio Grande’ was obtained from three different 
sources: seed companies, seed distributors, and small-landholder farmers. Seed packets were 
purchased from five Ugandan commercial seed companies (505.23 g) and five seed 
distributors (219.79 g) located in the Kamuli District. Five small-landholder farmers in the 
Kamuli District planted ‘Rio Grande’ tomatoes in the first season of 2016 (Mar. to June/July) 
and extracted seed from the fruits. After seed extraction and drying, five samples (303.08 g) 
were obtained from all five farmers.  
Experimental site: The experiment was conducted at the Kenya Plant Health 
Inspectorate Services (KEPHIS) seed laboratory in Kitale, Kenya (0°59′00′′N 35°00′40′′E) 
between July and Oct. 2017. To facilitate the transfer of tomato seed from Uganda to Kenya, 
an import permit from KEPHIS in Kenya and an export permit from Uganda (Ministry of 
Agriculture, Animal Industry and Fisheries) were obtained.   
Experimental design and treatments: All seed germination tests were conducted in 
a controlled growth chamber using a randomized complete block design with a factorial 
arrangement of treatments and four replications over time. The seed density experiment 
included a split plot of seeds that sank or floated in water.  
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Treatments for both experiments included three seed sources (company, seed distributor, and 
small-landholder farmer) and five samples within each seed source.  
Seed sampling: To obtain a representative working sample for each treatment, seeds 
were divided into three primary samples which were thoroughly mixed using a mechanical 
soil divider to form a composite sample by using ISTA (2017) guidelines. The mechanical 
soil divider was used for sample reduction by repeated halving. Using the spoon method, a 
working sample of 100 seeds was obtained (ISTA, 2017). 
Seed density: To separate seeds by density, each treatment of 100 seeds was poured 
into a 1000 L graduated cylinder containing distilled water. After 10 minutes, seeds that 
either floated or sunk were each removed, counted, and germinated. 
Data collection: For all experiments, germination was conducted by sowing 100 
seeds of each treatment onto blotter paper substrate saturated with 0.2% potassium nitrate 
solution (ISTA standards, 2017). Data were collected on percent germination, seedling dry 
weight, growth rate, and vigor index II. After 14 d of germination, the number of normal, 
abnormal and dead seed were expressed as percentages. Treatments were placed into a 
growth chamber set at alternating temperatures of 20 °C for 16 h without light and 30 ℃ for 
8 h with light. Normal seedlings were placed in an oven at 60 °C for 48 h, and seedling dry 
weight determined (Siddiqui and Al-Whaibi, 2014). To calculate seedling growth rate, 
seedling dry weight was divided by the number of normal seedlings. The vigor index II was 
calculated by multiplying the germination percentage by seedling dry weight (Das et al., 
2017; Abdul-Baki and Anderson, 1973). 
Data analysis: Germination (normal, abnormal, and dead seedlings) and seedling 
vigor (dry weight, seedling growth rate, and vigor index II) variables were analyzed as a 
 82 
randomized complete block design using PROC MIXED routine of the SAS program 
(Version 9.4; SAS institute, Cary, NC, 2011). Differences between least square (LS) 
MEANS of treatments were determined using LS MEANS statements. Significance of these 
differences were determined based on Tukey’s adjustment for multiple comparisons. 
Results 
Significant interactions occurred between seed source and density (Table 1), and 
density data are presented within each seed source. 
Seed quality experiment 
Seed source: The source of seed was significant for number of normal seedlings 
(P=0.0273), dead seed (P=0.0311), seedling dry weight (P=0.0114) and vigor index II 
(P=0.0078) (Table 1). Tomato seed obtained from companies and distributors had the highest 
germination, seedling dry weight, and vigor index II compared to seed obtained from small-
landholder farmers (Table 2). Farmer seed produced the greatest number of dead seed (54) 
compared to distributor (11) and company seed (28). 
Seed density experiment 
Seed source and density: Seed source was significant for normal seedlings 
(P=0.0001), dead seed (P=0.0001), seedling dry weight (P=0.0001), and vigor index II 
(P=0.0001) (Table 3). Company and distributor seed were not different from each other, 
germinated better, were more vigorous, and had the least number of dead seedlings compared 
to seed saved by farmers. Density was significant for number of dead seed (P=0.0455), 
seedling dry weight (P=0.0001) and vigor index II (P=0.0001). Although floating (56) and 
sinking (56) seeds did not make a difference in terms of germination (number of normal 
seedlings), seeds that floated resulted into more dead seed than those that sank.  
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Tomato seeds that floated were more vigorous and had higher seedling dry weight and vigor 
index II than seeds that sank (Table 3). 
Seed density within seed sources: Within each seed source (company, distributor 
and small-landholder farmer) tomato seed density did not affect germination (Table 4). 
Within company and distributor seed sources, seeds that floated were more vigorous and 
obtained a higher seedling dry weight and vigor index II compared to seeds that sank. 
Density of seeds obtained from small-landholder farmers did not affect seedling vigor. 
Discussion 
Utilizing good quality seed is essential for small-landholder farmers to benefit from 
tomato production. This study investigated tomato seed quality and density from sources of 
seed available to farmers in the Kamuli District of Uganda. Three sources of tomato seed 
(companies, distributors and small-landholder farmers), and seed density (floating or sinking 
tomato seeds in water) were evaluated for their effect on seed germination and vigor 
(seedling dry weight, vigor index II). 
Seed quality and density experiment 
Seed source: The source of seed is a determinant of seed quality, which eventually 
affects tomato growth and yield. Previous studies by Bortey et al. (2011) and Bortey and 
Osuman (2016) reported that farm-saved tomato seed was of lower quality compared to seeds 
obtained from the formal seed sector. Our experiments agreed with these studies and found 
that tomato seeds obtained from companies and distributors germinated better and were more 
vigorous than seeds obtained from small-landholder farmers. Tomato seeds obtained from 
companies and distributors were chemically treated with fungicides and or insecticides while 
seed obtained from small-landholder farmers could be untreated. Seed treatments were 
effective at preventing seed-borne pathogens, increasing the germination and vigor potential 
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of seed lots. Additional factors that could have caused the differences could be seed 
conditioning processes, extraction procedures, and environmental factors during seed 
production. Similar results were observed in other crop species. Bishaw et al., 2012 reported 
a higher germination, seedling dry weight and vigor index II of wheat seeds obtained from 
market traders compared to neighbors/farmers. A study by Al-Faqeeh (1997) in lentils 
indicated that certified seed (obtained from formal seed sector), had higher germination 
compared to seed from other sources (informal seed sector). Within Ethiopia, Woldeselassie 
(1999) reported variations in the germination of barley seeds obtained from various sources 
and regions. 
Seed density: Although floating or sinking tomato seeds did not impact overall 
germination, floated seeds resulted into more dead seed possibly because seeds were light, 
not well filled, and could lack some crucial internal seed structures such as the embryo. A 
study in vegetable seeds by Hill et al., 1989 indicated significant positive relationships 
between seed density classes and germination of tomato seeds. High-density tomato seeds 
exhibited greater germination compared to low-density seeds. In other crop species such as 
rice, Arain et al. (1990) reported a 37% higher germination in high-density seeds compared 
to low density seeds. The float-sink test has been reported as an ineffective viability test 
when used on tomato seeds that have previously been dried and stored (Henderson, 2012). 
Our experiments were conducted on tomato seeds that had previously been dried and stored 
because our aim was to provide farmers with a fast way to improve seed viability of tomato 
seeds after storage. The floated seeds produced higher seedling dry weights and vigor index 
II compared to seeds that sank, which was unexpected. Most of the seeds floated in water, 
possibly due to the presence of trapped air pockets between seed coat hairs on the seed 
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surface, which made seeds lighter (lower specific gravity than water) but did not necessarily 
mean that they were poor quality seeds. Since tomato seeds have hairs on the seed coat, any 
minute air bubbles could have been trapped in these hairs which made the good quality seeds 
float (Ly, 2015; Van der Pijl, 1972). The seeds that sank in water could have had mechanical 
damage on the seed coat perhaps occurring during seed conditioning. This kind of damage 
could make the seeds imbibe water, making them heavier and allowing them to sink. 
Within farmer seed, floating and sinking did not impact seedling vigor implying that these 
procedures might not be valuable to farmers especially after seed has been dried and stored. 
However, farmers could still utilize seed density procedures explained in this study to 
separate high quality from low quality seed during the seed extraction process and before 
storage (Henderson, 2012). 
Conclusions 
Germination and vigor were highest in distributor seed and did not differ from 
company seed from which distributors obtained seed, but were lowest in farmer seed. If 
farmers save seed, they may need to double the number of seeds used for transplant 
production to achieve sufficient numbers of transplants. High quality seed is an expensive 
input in tomato production and most small-landholder farmers are financially limited, which 
makes seed saving an important venture for them. Seed density procedures of floating and 
sinking did not affect overall germination. Therefore, it is not valuable for farmers to conduct 
these procedures on seed that was previously dried and stored. However, during seed 
extraction farmers can use the float-sink test for seed quality. Since this research was 
conducted in controlled laboratory conditions, future research should be done as field trials to 




Abdul-Baki, A.A., and J.D. Anderson. 1973. Vigor determination in soybean and multiple 
criteria. Crop Sci. 13:630–633. 
 
Al-Faqeeh. T.M. 1997. A survey of lentil seed quality in Jordan. Univ. of Jordan, Amman, 
Jordan, MSc Thesis. 
 
Arian, M.A. 1990. Grain density in relation to seedling quality and crop establishment in 
Oryza sativa L. Univ. of the Philippines, Los Banos, PhD Diss. 155p. 
 
Bishaw, Z., P.C. Struik and A.J.G. Van Gastel. 2012. Farmers' seed sources and seed quality: 
1. physical and physiological quality. J. of Crop Improvement. 26 (5):655–692. 
 
Bortey, H.M., N.S. Olympio and B. Banful. 2011. Quality of farmer-saved tomato seeds and 
its effect on fruity yield in Ghana. Ghana J. Hort. 9:25–33. 
 
Bortey, H.M. and A.S. Osuman. 2016. Analyzing the constraints faced by the smallholder 
tomato growers in Ghana. Int. J. of Agric. Ext. 111–117. 
 
Henderson, J. 2012. The garden seed saving guide: seed saving for everyone. 
 
Hill, H.J., A.G. Taylor, and T.G. Min. 1986. Density separation of imbibed and primed 
vegetable seeds. J. Amer. Soc. Hort. Sci. 114 (4):661–665.  
 
ISTA. 2017. International Seed Testing Association. USA. 
 
Kagezi, E.L., S. Kyamanywa, M.C. Akemo, G. Luther, M. Erbaugh. 2001. Damage-yield 
relationships of major pests of tomatoes in central Uganda. Integrated Pest 
Management Collaborative Research Support Program Annual Report 8:259–262.  
 





Ojiewo, C., A. Tenkouano, M. Oluoch, R. Yang. 2010. The role of AVRDC- the World 
Vegetable Centre in vegetable value chains. Afr. J. Hort. Sci. 3:1–23. 
 
Siddiqui, M. H., and M. Al-whaibi. 2014. Role of nano-SiO2 in germination of tomato 
(Lycopersicum esculentum Mill.) seeds. Saudi J. of Biol. Sci. 21:13–17.  
 
Sonko, R., E. Njue, J.M. Ssebuliba, A. de Jager. 2005. The horticulture sector in Uganda. 
Scripta Hort.1:1‒78. 
 
Ssemwogerere, C., M.N.O. Ssemakula, J. Kovach, S. Kyamanywa, J. Karungi. 2013. Species 
composition and occurrence of thrips on tomato and pepper as influenced by farmers’ 
management practices in Uganda. J. of Plant Protec. Res. 53(2):158–164.  
 
Van der Pijl. 1972. Principles of dispersal in higher plants. Springer-Verlag, New York. 
 
Woldeselassie, Y. S. 1999. Evaluation of status and quality of barley seed used by the 








Table 1. Significance value of main effects based on analysis of variance for germination and vigor of tomato seedlings grown in 
Kenya, 2017.  
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60°C for 48 hours. 
x Seedling growth rate was calculated by dividing the seedling dry weight by the number of normal seedlings. 
















Treatment No. of normal 
seedlingsz 












Experiment 1: Seed quality       
Seed source 0.0273 0.7130 0.0311 0.0114 0.0989 0.0078 
       
Experiment 2: Seed density       
Seed source 0.0001 0.9785 0.0001 0.0001 0.3758 0.0001 
Seed density 0.9162 0.7088 0.0455 0.0001 0.0092 0.0001 






Table 2. Effect of tomato seed sources in Uganda on germination and vigor of seedlings, 2017. 
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60°C for 48 hours. 
x Seedling growth rate was calculated by dividing the seedling dry weight by the number of normal seedlings. 
w Vigor index II was calculated by multiplying the seedling dry weight by the number of normal seedlings. 
v Mean separation within a column and seed source (seed companies, distributors and small-landholder farmers) by Tukey’s 




















No. of normal 
seedlingsz 
No. of abnormal 
seedlingsz 










Experiment 1: Seed quality       
Seed source       
    Company     61 ab v 11 a 28 ab 79 ab 1.230 a 5947 ab 
    Distributor  81 a 8 a 11 b 106 a 1.331 a 8728 a 






Table 3. Effect of Ugandan tomato seed sources and density on germination and vigor of seedlings, 2017.  
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60°C for 48 hours. 
x Seedling growth rate was calculated by dividing the dry weight by the number of normal seedlings. 
w Vigor index II was calculated by multiplying the seedling dry weight by the number of normal seedlings. 
v Mean separation within a column and treatment (seed source and density) by Tukey’s adjustment for multiple comparisons (P ≤ 













No. of normal 
seedlingsz 
No. of abnormal 
seedlingsz 










Experiment 2: Seed density       
 
Seed source 
      
     Company     60 a v 9 a 26 b 41 a 1.7454 a 2958 a 
     Distributor  73 a  10 a 14 b 50 a 1.7380 a 3894 a 
     Farmer  36 b 10 a 50 a 18 b 1.2513 a 962 b 
       
Density       
     Float 56 a 9 a 33 a 57 a 1.158 b 4052 a  






Table 4. Germination of tomato seeds of two densities from Ugandan companies, distributors and farmers, 2017.  
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60°C for 48 hours. 
x Seedling growth rate was calculated by dividing the seedling dry weight by the number of normal seedlings. 
w Vigor index II was calculated by multiplying the seedling dry weight by the number of normal seedlings. 
v Mean separation within a column and seed source (seed companies, distributors and small-landholder farmers) by Tukey’s 







Treatment No. of normal 
seedlingsz 
 
No. of abnormal 
seedlingsz 
 
No. of dead 
seedz 
 
Seedling dry weight 
(mgy) 




Seed source       
Company         
      Float 59 av 9 a 30 a 61 a 1.3459 a 4355 a 
      Sink 61 a 10 a 23 a 20 b 2.1448 a 1561 b 
       
Distributor        
      Float 73 a 9 a 16 a 82 a 1.3597 a 6318 a 
      Sink 73 a 11 a 13 a  18 b 2.1163 a 1469 b 
       
Farmer        
        Float 36 a 10 a 53 a 29 a 0.7487 a 1481 a 
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Abstract 
 Tomato is the most important vegetable crop in Uganda and seed is a very essential input 
in the production of tomatoes. Small-landholder farmers save tomato seed from non-hybrid 
cultivars; during the tomato seed-saving process farmers extract, dry, and store seeds. Small-
landholder farmers cannot afford standard seed driers and storage equipment and tomato seeds 
are sun dried and stored using various materials and containers that are locally available. 
However, seed drying and storage materials and their impact on seed quality are not well 
understood, especially for resource-constrained, small-landholder farmers in rural Uganda. The 
study objective was to determine effective seed drying materials and environments and storage 
containers for small-landholder farmers in Uganda by evaluating seed germination, moisture 
content, and vigor. A seed drying experiment used a randomized complete block design with 
three replications for two environments of greenhouse and open sun. Treatments included four 
tomato seed drying materials from Uganda: galvanized steel sheet, newspaper, woven 
polypropylene bag, and stainless-steel plate. Tomato seeds of two cultivars were obtained from 
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fruits grown by three commercial Iowa growers. The control consisted of 19- L high-density 
polyethylene round pails with three replications. For the seed storage experiment, a randomized 
complete block design with four replications was used. Treatments included four types of seed 
storage containers (500-mL recycled plastic polyethylene soda bottle, 30-micron, non-perforated 
high-density polyethylene bag, Mylar ziplock bag, and white, high-density polyethylene 
container with lid), three seed sources (seed companies) of one cultivar, and three seed storage 
periods typically used by small-landholder farmers (0, 30 and 60 days) who save seed. 
Results indicated that drying tomato seed using the 19-L high-density polyethylene round 
pails (bucket dryers) and in the greenhouse, as opposed to open sun, resulted in better 
germination and vigor. Using woven polypropylene bags and newspaper to dry tomato seed 
resulted in more normal seedlings, while a stainless-steel plate negatively impacted germination. 
Storage containers had an impact on seed moisture content but not germination and vigor. The 
30-micron, non-perforated, high-density polythene bag and Mylar ziplock bag had the lowest 
seed moisture content compared to the 500-mL recycled soda bottle and white high-density 
polyethylene container with lid. 
Farmers who save tomato seed for subsequent planting should not dry seed in the sun, 
including in the tropics where high relative humidity conditions are very common. However, 
farmers should dry their tomato seeds in locations with air movement. Small-landholder farmers 
should use woven polypropylene bags (grain sack) or newspaper and not a stainless-steel plate or 
galvanized steel sheet to dry tomato seed. Short-term seed storage (between two growing seasons 
or about 60 days) should be conducted using 30-micron non-perforated high-density polythene 




Seed is an important input in the production of tomatoes (Muthoni and Nyamongo, 
2008), and high-quality seeds are essential for small-landholder farmers who produce tomatoes 
in the developing world. Producing high-value crops such as tomatoes requires good quality seed 
to obtain a high return to investment (Schreinemachers et al., 2017). In Uganda, small-landholder 
farmers primarily cultivate non-hybrid tomato cultivars (Roma VF, Rio Grande, Marglobe, 
Tengeru97 and Moneymaker) as opposed to hybrids because the cost of hybrid seed is too high 
for these growers to afford. On average, the cost of seed from open pollinated cultivars ranges 
between 15,000 and 25,000 UGX whereas some hybrids cost 400,000 UGX (Ellis-Jones et al., 
2008; Fufa et al., 2011; Msogoya and Mamiro 2016; Personal observation, 2017; Ssonko et al., 
2005). Approximately 80% of small-landholder farmers save tomato seed from open-pollinated, 
non-hybrid cultivars (Ferris and Laker-Ojok, 2006; Gareeba-Gaso and Gisselquist, 2012; ISSD 
Uganda, 2014; Kansiime and Manstenbroek, 2016). During the tomato seed-saving process, 
farmers extract, dry, and store seeds. Small-landholder farmers cannot afford standard seed driers 
and storage equipment, so tomato seeds are sun dried and stored using various materials and 
containers that are locally available (Maina et al., 2017; Oren and Bass, 1978). The impact of 
seed drying and storage materials on seed quality is not well understood, especially for resource-
constrained, small-landholder farmers in rural Uganda. 
Utilizing practices that improve tomato seed quality of saved seed will enable farmers to 
optimize seed quality. The objective of this study was to determine effective seed drying 





Materials and Methods 
Seed drying experiment 
Experimental site: The study was conducted at Iowa State University (ISU) Department 
of Horticulture greenhouse’s open sun area, located between two sets of greenhouses, and ISU 
Seed Science Center’s seed germination laboratory between Aug.1 and 31, 2018. 
Experimental design and treatments: The experiment used a randomized complete 
block design with three replications for two environments of greenhouse and open sun. 
Treatments included four tomato seed drying materials from Uganda; galvanized steel sheet 
(0.38 mm thick; 25×17 cm), newspaper (25×17 cm), woven polypropylene bag (25×17 cm) and 
stainless-steel plate (1.57 mm thick, 16 cm wide), and tomato fruits from three commercial Iowa 
growers comprised of two tomato cultivars. The control consisted of 19-L high-density 
polyethylene round pails (Model 090-N.R.C.; Melrose Park, Illinois, USA) with three 
replications.  
Source of tomato fruits: Tomato cultivars (F1 hybrids) were grown by three growers in 
Central Iowa (Lee’s Greens, Nevada, ‘Tomimaru Muchoo’; Hilltop Farms, Dallas Center, ‘Red 
Deuce’ and Rinehart Family Farm, Boone, ‘Red Deuce’). Fruits were harvested on each farm on 
31 July 2018 and placed in polyethylene tubs (Sterilite®, 102-L) in a greenhouse (Department of 
Horticulture) at 29-35 C to enhance ripening. 
Tomato seed extraction and fermentation: On Aug. 3, seeds were extracted for each 
tomato cultivar and source as described by George (2009). After seed extraction, three Sterilite® 
19-L containers containing a mixture of extracted pulp and seeds were placed in a growth 
chamber (Model PGC-10; Percival, Perry, IA, USA) at 25 °C to facilitate fermentation of the 
pulp containing seed.  
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The fermentation process took place within 4 days, between Aug. 4 and 7. To ensure uniform 
rate of fermentation and avoid discoloration of seed, the mixture was stirred three times a day 
and temperature recorded before stirring. 
Seed washing: The fermented mash was stirred, allowed to settle for approximately 3 
min, and any floating pulp removed. Water was poured into the mash to approximately double 
the volume. The mash was then allowed to settle again, and any additional pulp and debris were 
removed. The washing process was repeated six times until the water turned clear. After washing 
was completed, seeds were poured onto a strainer held over another container to remove excess 
water by pressing on the seeds with a spoon. Approximately 450 seeds were placed on each of 
the seed drying surfaces and bags. Treatments were placed in three locations for drying, inside 
the greenhouse, open sun location, or pails (control). 
Seed drying: Drying of seeds lasted for at least 3.5 days; seeds in the open sun 
treatments had at least 8 h of full sun each day and were placed in a greenhouse overnight to 
prevent unexpected rain or dew from wetting seeds.  
Seed storage experiment 
Experimental site: The experiment was conducted in controlled growth chambers 
(Department of Horticulture) and seed germination laboratory (Seed Science Center) at Iowa 
State University between July 8 and Sept. 26, 2018. 
Experimental design and treatments: A randomized complete block design with four 
replications was used. Treatments included four seed storage containers (500-mL recycled plastic 
polyethylene soda bottle, 30-micron, non-perforated high-density polyethylene bag, Mylar 
ziplock bag (4.0 mil, DS M&T Co.) and white, high-density polyethylene container with lid); 
three seed sources (Ne Seeds, Ever-wilde and Eden brothers); and three seed storage periods 
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typically used by small-landholder farmers who save seed (0, 30 and 60 days). Prior to beginning 
the experiment, all previously used containers (500-mL recycled plastic polyethylene soda bottle 
and white high-density polyethylene container with lid) were thoroughly cleaned by soaking in 
warm tap water and detergent for 12 h, rinsed, air dried and vacuum air dried to remove excess 
moisture. All seed storage containers except Mylar ziplock bag were obtained from Kampala, 
Uganda. Mylar ziplock bag was obtained in the United States (amazon.com). 
Seed source: Tomato seed of ‘Rio Grande’ was obtained from three seed companies 
including Ne Seeds (East Hartford, CT, USA), Ever-wilde (Sand Creek, WI, USA) and Eden 
brothers (Arden, NC, USA). To obtain a representative working sample for each treatment, seed 
sampling followed the Association of Official Seed Analysts (AOSA) rules for 2017.  
Equilibrium relative humidity and temperature during seed storage: Large 
containers were set up with 36 treatment combinations per replication (3 seed sources x 4 seed 
storage containers x 3 storage durations). To control and maintain the relative humidity (RH) 
within the large containers (Sterilite®, 102L) at about 75% RH, a saturated salt solution was 
used. The saturated salt solution was a slushy mixture of distilled water (324 mL) and sodium 
chloride (633.50 g). The mixture was held in a small open jar and each of the four larger 
containers received one jar and a data logger (HOBO UX100-003; Bourne, Massachusetts, USA) 
that measured temperature and RH every 15 minutes. The larger containers were placed in four 
separate controlled growth chambers (four replications) maintained at 25 °C and without light for 
time periods of 30 minutes (representing 0 storage days), 30, and 60 storage days.  
Temperature, relative humidity and seed moisture content: The drying process (seed 
drying experiment) and each storage period (seed storage experiment) were completed for 
separate experiments. In each experiment, seeds were placed into 14 mL,105×16.8 mm round 
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base polypropylene tubes to measure temperature using an infra-red thermometer with laser sight 
(Model 9523; Oak Brook, Illinois, USA) and relative humidity using humidicator paper (Hydrion 
HJH-650; Brooklyn, New York). Temperature and relative humidity (RH) values were imported 
into a moisture content calculator spread sheet to determine seed moisture content (Bradford et 
al., 2016; Cromarty et al., 1982).    
Germination: After seed drying and each seed storage period (storage experiment) were 
completed for each experiment and treatment, 100 seeds were planted using a vacuum planter. 
Seeds were planted on blotter paper substrate saturated with water (seed storage experiment) and 
0.2% potassium nitrate solution (seed drying experiment). After planting, treatments were placed 
in growth chambers set at alternating temperatures of 20 ℃ for 16 h without light and 30 ℃ for 8 
h with light. After 14 days germination data (number of normal, abnormal and dead seedlings) 
were collected and expressed as a percentage. Seedling dry weight was determined by drying 
normal seedlings in an oven at 60 ℃ for 48 h (Siddiqui and Al-Whaibi, 2014). The vigor index II 
was calculated by multiplying the germination percentage by seedling dry weight (Das et al., 
2017). 
Data analysis: Results for germination (normal, abnormal, and dead seedlings), vigor 
(dry weight, seedling growth rate and vigor index II) and seed moisture content were analyzed as 
a randomized complete block design using PROC GLIMMIX (seed drying experiment) and 
PROC MIXED (seed storage experiment) routine of the SAS program (Version 9.4; SAS 
institute, Cary, NC, 2011). Differences between least square (LS) MEANS of treatments were 
determined using LS MEANS statements. Significance of these differences was determined 
based on Turkey’s adjustment for multiple comparisons. 
 
 99 
 Data analysis for the seed drying experiment involved treating the control (pails) mean as a 
fixed known quantity because of its very limited variability compared to the greenhouse and 
open-sun seed drying environments. 
Results 
In the seed drying experiment, interactions did not occur among main effects of 
environment, drying materials and seed source for tomato seed germination (normal, abnormal 
seedlings and dead seed) vigor (seedling dry weight, seed moisture content and vigor index) 
(Table 1). Therefore, data were analyzed and are pooled for main effects. Interactions occurred 
in the seed storage experiment among the main effects of seed source and time and storage 
container and time (Table 1), so data are presented within seed source and time and separately 
within storage container and time. 
Seed drying experiment 
Drying location: Drying tomato seeds in the greenhouse as opposed to out-doors in the 
sun resulted in higher seed germination and seedling vigor. The number of normal seedlings, 
seedling dry weight, vigor index II, and seed moisture content were greater for seeds dried in the 
greenhouse compared to open-sun. Sun drying resulted into more abnormal seedlings (Table 2). 
Drying materials: Drying seeds on a woven polypropylene bag provided the highest 
number of normal seedlings (55) but was not different from newspaper (50) or galvanized steel 
sheet (55). Using a stainless-steel plate to dry seed resulted into the lowest germination 
percentage (46) and the highest number of abnormal seedlings (32). Compared to other drying 
materials (woven polypropylene bag, newspaper, galvanized steel sheet and stainless-steel plate), 
the 19-L high-density polyethylene round pails (control) were best at drying tomato seed for seed 
quality variables (Table 2).  
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Seed source: Tomato seed obtained from field grown fruit at farm three (‘Tomimaru 
Muchoo’) produced the highest number of normal seedlings (62) compared to farm two (‘Red 
Deuce’) (54) and farm one (‘Red Deuce’) (38). ‘Red Deuce’ from fruit of farm one produced the 
highest number of dead seeds (31) followed by seed from farm two (21), and farm three (10). 
Tomato seeds from farms two and three obtained a higher dry weight and vigor index II, 
indicating that they were more vigorous than seed from farm one’s fruit (Table 2).  
Seed storage experiment 
Seed source: ‘Rio Grande’ seed from companies B and C produced the highest number 
of normal and abnormal seedlings, dry weight, and vigor index II and the lowest number of dead 
seedlings (Table 3).  
Storage time: Tomato seed germination and vigor were lower after 60 days of storage. 
Germination declined from 65 to 42 normal seedlings, while vigor index II dropped from 3083 to 
1862. Seedling dry weight on storage day 0 (45 mg) did not differ from day 30 (51 mg) (Table 
3). After 60 days of storage, seedling dry weight reduced to 44 mg. The number of dead and 
abnormal seedlings increased during the storage time from 30 to 60 days. Seed moisture content 
also increased from 5.26 to 8.22 after 60 storage days (Table 3).  
Storage container: Although the storage container showed no significant differences in 
tomato seed germination and vigor, seed stored in the 30-micron non-perforated high-density 
polythene bag (6.94) had numerically the lowest seed moisture content but was not different 
from seed inside Mylar ziplock bag (7.01). The seed stored inside 500-mL recycled soda bottle 
(7.49) and white high-density polyethylene container with lid showed the highest seed moisture 
content (7.53) (Table 3). 
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Storage container and storage time: Before seed storage (day 0), seed inside different 
containers did not differ in seed moisture content (Table 4). Within 30 days of storage, seed 
inside Mylar ziplock bag (7.59) had the lowest seed moisture content but did not differ from seed 
stored inside 30-micron non-perforated high-density polythene bag (8.31) and 500-mL recycled 
soda bottle (8.41). The seed stored inside white high-density polyethylene container with lid 
(8.68) had the highest seed moisture content but was not different from 500-mL recycled soda 
bottle and 30-micron non-perforated high-density polythene bag. Within 60 days of storage, seed 
stored in 30-micron non-perforated high-density polythene bag (7.28) had the lowest seed 
moisture content and was not different from seed stored in Mylar ziplock bag (8.14). The seed 
stored in white high-density polyethylene container with lid and 500-mL recycled soda bottle 
had the highest seed moisture content (Table 4).  
The moisture content of seed stored in 30-micron non-perforated high-density polythene bag 
increased from 5.24 before storage (day 0) to 8.31 after 30 days of storage but reduced to 7.28 
after 60 storage days. For seed in all the other three storage containers (white high-density 
polyethylene container with lid, 500-mL recycled soda bottle and Mylar ziplock bag), the 
moisture content was lower before storage, increased after 30 days of storage and did not change 
after 60 storage days (data not presented). 
Seed source and seed storage time (days): One seed company had a higher number of 
dead seedlings on day 30 (25 of 100) and day 60 (43 of 100). 
Discussion 
High quality seed is needed for farmers to grow specialty crops, such as tomatoes, 
sustainably (Dias et al., 2006). Determination of optimal tomato seed practices including drying 
and storage and their impact on seed quality formed the basis for this investigation. 
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Seed drying experiment 
Environment: Tomato seed quality can be affected by the drying environment, method, 
and rate. Drying seeds at high temperature, high relative humidity, and uneven drying lower seed 
viability and vigor due to differential rate of moisture content loss (Nassari et al., 2014). Drying 
tomato seed using the 19-L high-density polyethylene round pails (bucket dryers) and in the 
greenhouse, as opposed to open sun, resulted in better germination and vigor. Lower average 
temperatures associated with using bucket dryers (20 C) and greenhouse (27 C), and higher 
average temperatures and heat associated with sun drying (30 C) could have caused these 
differences. Oren and Bass (1978), indicated that high temperatures during sun drying cause 
rapid evaporation of moisture from the seed surface creating a moisture gradient inside the seed 
that causes internal moisture to move towards the surface. During this process, extreme moisture 
stress develops and can damage the embryo leading to loss of viability and germination. Mc 
Cormack (2004) reported that tomato seeds should not be dried in the sun when temperatures are 
over 27 C because of damage to the embryo leading to low viability and germination. 
At fruit harvest, tomato seeds contain a high moisture content of about 60% to 70% and have to 
be dried to 9%. The moisture content could be reduced further to 4-6% for prolonged storage at 
5-10 C (Harrington.1960; Nassari et al., 2014; Texas AgriLife Extension Service, 2010). 
Although both drying environments (open-sun and greenhouse) resulted into acceptable seed 
moisture content levels for tomato (<9% but >4%), sun drying led to a lower seed moisture 
content possibly due to high temperatures (30 C) and lower relative humidity (55%) during 
drying. Prolonged sun drying of seeds in high humidity environments commonly found in the 
tropics cannot reduce seed moisture content to low enough levels and could result in low 
viability and germination (UC Davis Horticulture Innovation lab, 2011). 
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Drying materials: Small-land farmers in developing countries use various drying 
materials to dry tomato seed. The type of drying material has been found to affect seed quality 
(Nassari et al., 2014). Using woven polypropylene bags and newspaper to dry tomato seed 
resulted into more normal seedlings, while a stainless-steel plate negatively impacted 
germination. The woven polypropylene bags are manufactured with perforations, which 
contribute to aeration while the newspaper is a water-absorbent material. These qualities could 
have enhanced and provided an effective drying process. The stainless-steel plate absorbed and 
retained heat during drying. The heat could have easily been transferred to the seeds and 
damaged the embryos, leading to low viability. Drying seed in buckets also resulted in better 
germination because seeds were placed into seed bags, seed bags placed into buckets, which 
were then placed in an air-conditioned room. The buckets had a motorized fun that blew air into 
the seed bags and efficiently dried seed. These results are in agreement with Hunde et al. (2007) 
who found that mechanical driers efficiently dried seed which resulted into better germination 
and vigor.  
Seed source: Our seed drying experiment indicated that seed source is an important 
determinant of tomato seed quality. Different cultivars acted differently even after undergoing 
similar drying procedures. Tomato seed of ‘Tomimaru Muchoo’ germinated better and was more 
vigorous than tomato seed of ‘Red Deuce’ possibly because of genetic differences. Studies in 
tomato (Javaregowda et al., 2009) and chili pepper (Hunje et al., 2007) reported variations in 
seed quality parameters as a result of variability in the genetic composition of cultivars. 




Seed storage experiment 
Seed source: Seed storage greatly influences seed quality through its effect on 
germination potential (Coolbear, 1995; Maina et al., 2017). Seed quality is affected by factors 
including storage duration and method, seed moisture content, temperature and relative humidity 
of the storage structure, and seed source. Seed storage can be a major problem because most 
developing countries are located in the tropics, where the combination of high temperature and 
relative humidity causes rapid deterioration of seed. Without proper storage conditions, seeds can 
rapidly lose viability, resulting in poor crop establishment, lack of uniformity, reduced yields and 
poor marketability (UC Davis Horticulture Innovation lab, 2011). Tomato seed obtained from 
two seed companies resulted in better germination compared to seeds from another company. 
Variations among seed companies could occur due to differences in tomato growing conditions 
during seed production, fruit maturity at harvest, and seed conditioning practices, affecting seed 
quality and ultimately germination, viability, and vigor. Studies by Adams et al. (2001) and 
Singkaew et al. (2017) agreed with our findings and reported that seedling vigor in tomato seeds 
significantly is related to the growing environment. 
Tomato seeds obtained from the same company also had more storage fungal infections, 
resulting from seed-borne pathogens, especially Aspergillus niger which negatively impacted 
germination. The seeds were not chemically treated, making them more susceptible to attack by 
storage fungi. Malaker et al. (2008) agreed with our results and reported Aspergillus spp. as the 
most prevalent fungus during seed storage. Another possible reason that could have made seeds 
vulnerable to fungal attack is mechanical damage and other related injuries that could have 
resulted into physical breakage or fracturing of essential seed structures (Justice and Bass, 1978). 
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Storage time: Walter et al. (2005) reported that genetics and environmental factors such 
as storage time, temperature and seed moisture content greatly influence how long seeds will 
store. Generally, seedling germination and vigor declined over time (after 60 storage days) 
possibly due to an increase in the seed moisture content during the storage period. Justice and 
Bass (1978) emphasize that the moisture content of seed during storage is the most influential 
factor affecting longevity. A 1% increase in the moisture content will halve the life of a seed 
(Gold and Manger, 2008). In our experiments, the increased seed moisture content could have 
enhanced the growth of seed-borne fungal pathogens, capable of destroying the seed’s embryo or 
utilizing food reserves, needed for germination, resulting into a decline in seed viability. Also, 
seed deterioration during storage may lead to lose of vigor, more stress sensitivity during 
germination or seeds may be unable to germinate completely (Raijou and Debeaujon, 2008). A 
study by Genes and Nyomora (2018) also showed that as the storage period increased, 
Excoecaria bussei seeds lost their viability and vigor. 
Storage container: Previous studies have reported that the method of storage greatly 
influences seed quality (Justice and Bass, 1978; Maina et al., 2017). Our seed storage containers 
had an impact on seed moisture content but not germination and vigor, perhaps because the 
storage period of 60 days was not long enough to see these effects. Each type of storage 
container provides certain storage conditions. Relative humidity, temperature, oxygen pressure 
and exposure of seeds to pests (insects and diseases) will vary from one type of storage container 
to another, and these conditions impact seed quality (Abukutsa, 2007; Maina et. al., 2017; 
Walters and Engels, 1998). Although the seed moisture content for all storage containers was 
within the acceptable range (<9% but >4%) for tomato seed, the 30-micron non-perforated high-
density polythene bag and Mylar ziplock bag had the lowest seed moisture content compared to 
 106 
the 500-mL recycled soda bottle and white high-density polyethylene container with lid. 
Differences in moisture content could have been caused by differences in the relative humidity 
within each container. The 30-micron non-perforated high-density polythene bag and Mylar 
ziplock bag may have provided a lower humidity environment and seeds were able to lose 
moisture to the surrounding environment, leaving them with a lower moisture content. The 500-
mL recycled soda bottle and white high-density polyethylene container with lid may have had 
higher humidity, resulting in higher seed moisture contents. According to ‘Harrington Rules’, a 
1% decrease in moisture content and 5 C decrease in temperature doubles the storage life of a 
seed (Harrington, 1972; Hong and Ellis, 1996). A study by McCormack (2004) found similar 
results and recommended that 4-mil thickness polythene and ziplock bags can be used to store 
seed for short periods of time provided the seed has dried adequately. Malaker et al. (2008) also 
reported low seed moisture content and better germination of wheat seeds stored in polyethene 
bags compared to seeds stored in plastic tin containers. Some studies have contrasted these 
results; a study with Jute mallow found that depending on how polythene bags were secured, 
they trapped too much moisture which may have caused rotting or fungi and other 
microorganisms to flourish (Maina et al., 2017; Watson and Eyzaguirre, 2002). Studies with 
other crops, such as peas, beans, and corn, found that storage of seed in plastic containers that 
were tightly sealed resulted in high quality seed (Bewley and Black, 1994). Although for this 
experiment the longest seed storage lasted only 60 days (short term), storage containers that 
maintain low seed moisture content have the potential to be used for long-term seed storage.  
Conclusions 
This research is the first report of seed drying and storage practices that Ugandan small-
landholder farmers can adopt to maintain seed quality when saving seed from their crop. 
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Ugandan farmers who save tomato seed for subsequent planting should not dry seed in the sun. 
Instead, farmers should dry their tomato seeds in locations with air movement. Sun drying can be 
effective under shade structures in environments with moderately high temperatures but low 
relative humidity. Small-landholder farmers should use woven polypropylene bags (grain sack) 
or newspaper and not a stainless-steel plate or galvanized steel sheet to dry tomato seed. Short-
term seed storage (between two growing seasons or about 60 days) should use 30-micron non-
perforated high-density polythene bag or Mylar ziplock bag for dried seed. Additional studies 
should assess how locally available storage containers affect seed quality over a longer period of 
time (more than 60 days). 
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Table 1. Significance value of main effects based on the analysis of variance for tomato seed germination, seed moisture content and 
seedling vigor for seed drying and seed storage experiments conducted in Iowa, 2018. 
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60 °C for 48 hours. 
x Seed moisture content, determined by a seed moisture calculator by using seed temperature and relative humidity  
  (Bradford at al., 2016). 





Treatments No. of normal 
seedlingsz 
 
No. of abnormal 
seedlingsz 
 











Experiment 1: Seed drying        
Drying location  0.0001 0.0001 0.6486 0.0255 0.0016 0.0029 
Drying materials 0.0398 0.0178 0.6682 0.0517 0.9608 0.0614 
Seed source 0.0001 0.0794 0.0001 0.0003 0.1380 0.0001 
Environment * drying materials 0.2362 0.2068 0.9903 0.2397 0.2578 0.1180 
Environment * seed source 0.9711 0.9952 0.9059 0.8686 0.7409 0.7752 
Drying materials * seed source 0.1710 0.2450 0.9542 0.3042 0.3883 0.3514 
Environment * drying materials * seed 
source 
0.1264 0.3110 0.5030 0.6871 0.6627 0.4414 
       
Experiment 2: Seed storage       
Storage container 0.7877 0.7995 0.6311 0.8392 0.0007 0.7952 
Seed source 0.0017 0.0001 0.0001 0.0001 0.8268 0.0001 
Time (days) 0.0001 0.0010 0.0001 0.0108 0.0001 0.0001 
Storage container * seed source 0.7445 0.2200 0.3532 0.3132 0.9978 0.6921 
Storage container * time  0.4838 0.6423 0.0668 0.6455 0.0006 0.7007 
Seed source * time  0.0082 0.0204 0.3294 0.0086 0.9418 0.0017 






Table 2. Effect of seed drying environments, drying materials, and seed source on germination, seed moisture content, and seedling 
vigor of tomatoes grown in Iowa, 2018. 
















Drying location       
   Greenhouse 59 av 19 b 21 a 43 a 7.89 a 2748 a 
   Open-sun 44 b 34 a 20 a 33 b 7.37 b 1793 b 
       
Drying materials       
   Galvanized steel sheet  55 a  22 b 21 a 40 a 7.69 a 2521 a 
   Stainless-steel plate     46 b 32 a 21 a 32 a 7.62 a 1788 a 
   Newspaper                   50 ab 27 ab 22 a 32 a 7.63 a 1952 a 
   Woven polypropylene bag                              55 ab 25 ab 19 a 47 a 7.58 a 2819 a 
 
Comparison with control (pails)       
   Galvanized steel sheet – control (pails) -14 a 7 b 7 a -17 a -1.07 a -1677 a 
   Stainless-steel plate – control (pails) -23 b 17 a 6 a -25 a -1.14 a -2411 a 
   Newspaper – control (pails) -19 ab 12 ab 7 a -25 a -1.13 a -2247 a 
   Woven polypropylene bag – control (pails) -15 ab 10 ab 4 a -11 a -1.18 a -1380 a 
   Control (average) 70.2 14.8 14.8 58.4 8.77 4199.9 
       
Seed source       
   Farm 1 – ‘Red Deuce’ 38 c 30 a 31 a 24 b 7.58 a 1060 b 
   Farm 2 – ‘Red Deuce’ 54 b 24 a 21 b 42 a 7.84 a 2458 a 
   Farm 3 – ‘Tomimaru Muchoo’ 62 a 26 a 10 c 48 a 7.48 a 3293 a 
 
Comparison with control (pails)       
   Farm 1 – Control (pails) -32 c 15 a 16 a -33 b -1.18 a -3139 b 
   Farm 2 – Control (pails) -15 b 9 a 6 b -16 a -0.92 a -174 a 
   Farm 3 – Control (pails) -7 a 12 a -4 c -10 a -1.28 a -906 a 







Table 2. (continued) 
 
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60 °C for 48 hours. 
x Seed moisture content, determined by a seed moisture calculator by using seed temperature and relative humidity  
  (Bradford at al., 2016) 
w Vigor index II was calculated by multiplying the seedling dry weight by the number of normal seedlings. 
v Mean separation within a column and treatment (drying location, drying materials and seed source) by Tukey’s adjustment f 






























Table 3. Effect of tomato seed sources, storage time (days), and containers on germination, seed moisture content, and seedling vigor 
for a seed storage experiment conducted in Iowa, 2018. 
z Last count was conducted on the 14th day of the experiment. 
y Seedling dry weight was calculated by placing the normal seedlings in a drying oven at 60°C for 48 hours. 
x Seed moisture content, determined by a seed moisture calculator by using seed temperature and relative humidity  
  (Bradford at al., 2016) 
w Vigor index II was calculated by multiplying the seedling dry weight by the number of normal seedlings. 
v Mean separation within a column and treatment (seed source, storage time and container) by Tukey’s adjustment for  



















Seed source       
   Seed company A 55 bv 13 b 31 a 40 b 7.2 a 2231 b 
   Seed company B 60 a 18 a 21 b 52 a 7.2 a 3309 a 
   Seed company C 58 a 18 a 22 b 47 a 7.2 a 2891 a 
       
Storage time (days)       
   Day 0 65 a 16 b 18 b 45 ab 5.26 b 3083 a 
   Day 30 66 a 15 b 18 b 51 a 8.25 a 3487 a 
   Day 60 42 b 19 a 38 a 44 b 8.22 a      1862 b 
       
Storage container       
   500 ml recycled soda bottle    58 a 17 a 24 a 46 a 7.49 a  2803 a 
   30 microns non-perforated      
   high-density polyethylene bag   
57 a 16 a 25 a 47 a 6.94 c 2807 a 
   Mylar ziplock bag   58 a 17 a 24 a 47 a 7.01 bc 2870 a 
   White high-density polyethylene 
container with lid   






























z Seed moisture content was determined using an excel seed moisture calculator by considering seed temperature and  
  relative humidity. 
y Mean separation within a column and seed storage time (days) by Tukey’s adjustment for multiple comparisons (P ≤ 0.05);  





Treatment Seed moisture content z 
Seed storage time (days) and container  
Day 0  
   30 microns non-perforated high-density polyethylene bag     5.24 ay 
   White high- density polyethylene container with lid              5.24 a 
   500-ml recycled soda bottle                                                    5.26 a 
   Mylar ziplock bag                                                                    5.31 a 
  
Day 30  
   30 microns non-perforated high-density polyethylene bag      8.31 ab 
   White high- density polyethylene container with lid               8.68 a 
   500-ml recycled soda bottle                                                     8.41 ab 
   Mylar ziplock bag                                                                     7.59 b 
  
Day 60  
   30 microns non-perforated high-density polyethylene bag         7.28 b 
   White high- density polyethylene container with lid                   8.66 a 
   500-ml recycled soda bottle                                                         8.79 a 







CHAPTER 6: GENERAL CONCLUSIONS 
Production of high-value crops such as tomatoes can greatly benefit small-landholder 
farmers in the Kamuli District through their increased income, food security, and improved 
livelihoods. The use of good quality seed is essential and often guarantees increased tomato 
yield. Efficient seed systems and strong functional seed value chains ensure that small-
landholder farmers have access to good quality seed. Using tomato as a model, this research 
aimed at improving farmer livelihoods by focusing on a holistic multifactorial evaluation of 
the seed value chain (farmers, seed companies, agricultural research organizations, 
agricultural universities, and the Federal Ministry of Agriculture) with the objective of 
identifying weak links and developing effective solutions that lead to overall improvement 
of farmer access to quality seed. 
Results of the first study evaluated the key participants of the tomato seed industry in 
Uganda and indicated their roles ranged from regulation and certification (MAAIF), seed 
breeding and multiplication (NARO), seed related research (MAK), importation and 
conditioning (private seed companies, seed sales (distributors), and seed users (small-landholder 
farmers). A tomato seed value chain map was developed and showed the presence, partial or 
absence of linkages between these key participants. Linkages existed between NARO and private 
seed companies, and between MAAIF and private seed companies and distributors. Partial 
linkages were found between distributors and small-landholder farmers, and no linkages existed 






All tomato seed were imported in Uganda and germination was the overall goal for seed quality 
during conditioning processes conducted by seed companies in Uganda and Kenya. Kenyan-
parent companies with location in Uganda completed more seed quality tests on imported seed 
than Ugandan-parent companies. Seed companies in Uganda tested only for germination and 
depended on the seed exporting country to conduct any additional seed quality tests. Ugandan-
parent companies were challenged with inadequate supervision from the seed regulatory body 
(MAAIF) in addition to limited access to the latest seed conditioning and quality testing 
technology. 
While evaluating tomato seed management practices among small-landholder farmers 
and in- and out- of school youth (part of youth entrepreneurship program) in Uganda, results 
from the second study indicated that tomato production was dominated by male farmers, aged 35 
years and older, married, and with primary school education. Youth farmers were aged 20-29 
years, not married, and had obtained a high school education. Within both groups most farmers 
grew non-hybrid cultivar Rio-Grande and did not save tomato seed because primarily they 
mostly did not know how to save seed. Most tomato seed savers did not track which tomato 
cultivars they saved. Farmers obtained seed-related assistance from fellow farmers. Small-
landholder farmers who saved seed, conducted seed extraction, but most of them did not ferment 
the mixture of pulp and tomato seed. Various locally available material were utilized for seed 
drying and storage without considering their effect on tomato seed quality. Wood ash was the 






The third study examined tomato seed quality available in the Kamuli District. Results 
showed that tomato seed obtained from distributors and seed companies had higher germination 
and vigor compared to seeds saved by mall-landholder farmers. Seed density did not impact 
overall germination, but floated seeds produced higher seedling dry weights and vigor index II 
compared to seeds that sank, which was unexpected. Most of the seeds floated in water, possibly 
due to the presence of internal air pockets, which made seeds lighter (lower specific gravity than 
water) but did not necessarily mean that they were poor quality seeds. Within farmer seed, 
floating and sinking did not impact seedling vigor implying that these procedures might not be 
valuable to farmers especially after seed has been dried and stored. 
The fourth study evaluated the effectiveness of seed drying materials and environments 
and storage containers for small-landholder farmers in Uganda. Results indicated that drying 
tomato seed using plastic pails and indoor not open sun resulted in higher seed germination and 
vigor. Drying tomato seeds on woven polypropylene bags and newspaper as opposed to a 
stainless-steel plate resulted into better germination. Storing tomato seed using the 30-micron, 
non-perforated high-density polythene bag and Mylar ziplock bag resulted into the lowest seed 
moisture content compared to the 500-mL recycled soda bottle and white high-density 
polyethylene container with lid. 
Research from this dissertation provides the following recommendations to improve the 
tomato seed system in Uganda. The goal is to have timely and efficient distribution of high-
quality tomato seed for tomato farmers, including small-landholder farmers in Uganda. The 
Ministry of Agriculture, Animal Industry and Fisheries of Uganda should implement the national 
seed policy to ensure regulation of the tomato seed industry; NARO should train small-
landholder farmers on seed multiplication to increase quantities of foundation seed and utilize 
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seed management practices for local tomato production and seed companies should enhance seed 
conditioning to produce high-quality tomato seed. 
 
Future Research 
The National Agriculture Research Organization would benefit from research conducted 
on how to alleviate challenges of horticulture extension. Improved extension delivery and 
program should target small-landholder farmers so they may improve livelihoods by gaining 
better agricultural production and vegetable seed management skills. In addition, the optimal 
outreach programs for small-landholder farms should be determined and should include 
educational materials targeted to farmers with limited resources. 
Future research should be conducted to examine the effects of various tomato seed 
sources on tomato yield in field conditions of small-landholder farmers. 
An economic analysis of purchasing high quality seed versus growing more transplants 
with farmer saved seed would provide useful information for future for farmers with limited 
resources. 
Since our experiments provided information for only short-term tomato seed storage, 
future research on long term (more than 60 days) seed storage using locally available materials 
would be helpful to farmers who store tomato seeds beyond one growing season. 
Since most farmers use wood ash as a seed treatment, its efficacy and effect on tomato 
seed quality (germination and vigor) should be examined under controlled conditions. 
 
 
